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(57) ABSTRACT 

The present invention provides various methods by which 
the use of certain MHC-related molecules can be exploited 
in understanding and regulating the immune response. More 
particularly, the present invention describes the use of mol 
ecules expressed by certain cell types as markers, reagents 
and targets in the diagnosis and treatment of certain disease 
states including GVHD, cancer and the like. 
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CELL STRESS REGULATED HUMAN MHC CLASS 
GENE 

BACKGROUND OF THE INVENTION 

0001. The present application is a continuation-in-part of 
co-pending U.S. Provisional Patent Application Serial No. 
60/029,044 filed Oct. 29, 1996. The entire text of the 
above-referenced disclosure is specifically incorporated by 
reference herein without disclaimer. The government may 
own rights in the present invention pursuant to grant num 
bers RO1 AI30581 and POI CA18221 from the National 
Institutes of Health. 

0002) 1. Field of the Invention 
0003. The present invention relates generally to the field 
of immunology. More particularly, it concerns describes 
immune cell Surface molecules that function as receptors for 
certain Y-ö T-cells which may be useful in the Screening 
individuals for transplant Suitability and the presence and 
treatment of cancer. 

0004 2. Description of Related Art 
0005. At its basis, the mammalian immune system is 
highly dependent on a wide variety of receptor-ligand inter 
actions that often facilitate critical immune functions. 
Examples include the interactions between immune cells, 
Such as the Signalling between antigen-presenting cells and 
immune response cells, Such as cytotoxic T-cells. Another 
example of an important receptor-ligand interaction is the 
binding of antibody to an invading pathogen, either causing 
its inactivation or Signalling further receptor ligand interac 
tions (macrophage, migration; complement cascade). Yet a 
further example of the highly receptor-ligand oriented nature 
of the human immune system is the ability, by virtue of a 
complex Series of cell Surface molecules, to distinguish Self 
from non-Self molecules (toxins, viral antigens) and cells 
(bacteria; tumor cells). The key to this self/non-Self recog 
nition System are the major histocompatibility molecules, or 
MHC. 

0006 The MHC are encoded in a region on chromosome 
Six consisting of a large family of genes. These genes are 
responsible for the immune System's ability to distinguish 
between cells and Substances that belong in the body and 
those that do not. MHC molecules bind peptides inside cells 
and transport them to the Surface of every cell in the body, 
where they act as biological “ID' badges. White cells, 
including T-cells, which patrol the body to rid it of foreign 
invaders, ignore cells that display MHC molecules with 
bound peptides derived from the many proteins Synthesized 
in normal cells. When a cell is infected by a virus or certain 
bacteria, peptides derived from degradation of proteins from 
these infectious agents are also presented by MHC mol 
ecules at the cell Surface, thus marking the infected cell for 
destruction by T-cells. The MHC molecules, with the pep 
tides they present, are the cell's passport because T-cells 
only recognize the antigen complex when it is associated 
with a foreign peptide. 
0007. The human MHC encodes the polymorphic class I 
and class II families of membrane-anchored glycoproteins 
that bind peptides in distinct Subcellular compartments and 
present these on the cell Surface to T-cells with Of T-cell 
receptors. Class I molecules bind peptides derived from 
cytosolic protein degradation in the endoplasmic reticulum 
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(ER) and thus enable cytotoxic T-cells to detect intracellular 
antigen, whereas class II molecules associate with peptides 
from extracellular Sources in endoSomal vesicles and acti 
Vate helper T-cells. These functions are central to adaptive 
immune responses against microbial infections and depend 
on accessory molecules for antigen processing also encoded 
by genes in the MHC. 
0008 MHC alleles, specifically the HLA alleles, have 
been associated with certain diseases. Specific HLA antigens 
have a statistical association with certain presumed autoim 
mune disorders and lymphoid cell neoplasms. Among these 
disorders are a distinct Set that are predominately associated 
with class I alleles and include Sero-negative spondylarthro 
pathies with the HLA-B27 gene, the association with Pso 
riasis Vulgaris with HLA-Cw6 and Behcet disease with 
HLA-B51. Moreover, histocompatibility antigens are well 
known to be involved in graft rejection and graft verSuS host 
disease. Because of the role the MHC antigens play in graft 
rejection, histocompatibility typing of hosts and donors are 
carried out to minimize differences between donor and 
recipient. 
0009. One example where GVHD becomes prominent is 
bone marrow transplantation (BMT), which often is used in 
humans for the treatment of a variety of bone marrow related 
disorders and in cancer therapy to replace bone marrow cells 
lost to chemo- and radiotherapy. In genetically identical 
twins there are no immunological barriers to BMT, however 
in other circumstances genetic disparities result in immune 
related complications including graft rejection and graft 
versus host disease. 

0010 BMT for the treatment of patients with a variety of 
malignancies and disorders is possible if a Suitable donor 
may be located. Less than 30% of patients who might benefit 
from a transplant have identical Siblings that could Serve as 
donors, and only 3-5% have a donor with only one mis 
matched human lymphocyte antigen (HLA; a class of MHC 
molecules). Transplantation of unmodified bone marrow 
from the HLA-haploidentical two or three loci incompatible 
donors has been associated with unsuccessful outcome due 
to the high incidence of severe GVHD. Also the risk of graft 
failure may be 20% or higher. Extensive T-cell depletion of 
mismatched donor marrow can be used to prevent GVHD 
however, this has the undesirable consequence of an 
increased graft rejection in Such transplants. In Severe mani 
festations of GVHD the patients compromised immune 
System gives rise to complications in the gastrointestinal 
tract. These complications include diarrhea, anorexia, nau 
Sea and vomiting as well as malabsorption, abdominal pain 
illeus and ascites formation. 

0011 Thus, it is clear that a better understanding of 
immune recognition and the mechanisms responsible for 
diseases like GVHD is needed. Another potential area that 
requires further understanding is the ability of tumor cells to 
evade the recognition and destruction arm of the immune 
System. 

SUMMARY OF THE INVENTION 

0012. Therefore, it is a goal of the present invention to 
provide various methods by which the use of certain MHC 
related molecules can be exploited in understanding and 
regulating the immune response. More particularly, it is a 
goal of the present invention to utilize molecules expressed 
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by certain cell types as markers, reagents and targets in the 
diagnosis and treatment of certain disease States. 
0013 Thus in particular embodiments, there is provided 
a method for detecting a cancer cell in a Sample comprising 
the Steps of providing the Sample, and identifying MICA or 
MICB expression in the sample. More particularly, the 
identifying comprises binding of MICA or MICB by a 
MICA- or MICB-binding agent. In preferred embodiments, 
the MICA- or MICB-binding agent is a first antibody. In yet 
more preferred embodiments, the first antibody is a bispe 
cific antibody recognizing both MICA and MICB. 
0.014. In certain aspects the first antibody may be labeled. 
The label may be a radiolabel, a fluorescent label, a chemil 
luminescent label, an enzyme, or a ligand. In other aspects, 
the first antibody is unlabeled and the first antibody is 
detected by binding of a detection agent to the first antibody. 
In particular embodiments, the detection agent is a Second 
antibody. More particularly, the second antibody binds to an 
Fc-region of the first antibody, and in further embodiments, 
the second antibody may also be labeled. The binding of the 
first antibody may be a competitive binding with a Second 
antibody. 

0.015. In particular embodiments of this aspect of the 
present invention of MICA expression is identified, in other 
embodiments, MICB expression is identified, in still other 
aspects both MICA and MICB expression are identified. In 
other embodiments, the identifying comprises amplifying a 
MICA or MICB transcript. The amplifying may in particular 
embodiments, comprise PCR. In other embodiments, the 
amplifying may further comprise, prior to the PCR, reverse 
transcription. In other aspects of this method, the PCR 
product is detected by electrophoretic Separation or follow 
ing hybridization. In specific embodiments, the PCR is 
quantitative PCR. 
0016. In preferred embodiments of the present invention 
the Sample is Selected from the group consisting of lung 
tissue, skin tissue, muscle tissue, liver tissue, renal tissue, 
colon tissue, prostate tissue, breast tissue, brain tissue, 
cervical tissue, pancreatic tissue, Stomach tissue, testicular 
tissue, ovarian tissue or marrow tissue. In other preferred 
embodiments, the Sample is Selected from the group con 
Sisting of Sputum, blood, Semen, plasma, Serum, lymphatic 
fluid, urine and Stool. In other aspects of the present inven 
tion, the cancer that is detected is Selected from the group 
consisting of brain cancer, lymphatic cancer, liver cancer, 
Stomach cancer, testicular cancer, cervical cancer, leukemia, 
melanoma, head & neck cancer, esophageal cancer, colon 
cancer, breast cancer, lung cancer, Ovarian cancer, prostate 
cancer and renal cancer. In more Specific embodiments, the 
cancer is colon cancer, breast cancer, lung cancer, ovarian 
cancer, prostate cancer or renal cancer. 
0.017. The present invention also provides a method for 
purifying Vö1 yöT cells comprising the Steps of providing a 
MICA or MICB polypeptide fixed to a support; contacting 
the polypeptide with a starting cell population; and Separat 
ing the Support from the Starting cell population to produce 
a purified Vö1 yöT cells population. In certain embodiments, 
the method may further comprise Washing the Support 
following separation. In specific embodiments, the MICA 
polypeptide is fixed to the Support. In other specific embodi 
ments, the MICB polypeptide is fixed to the Support. In still 
other embodiments, the MICA and MICB polypeptides are 
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fixed to the Support. The Support independently may be a 
culture dish, a dipstick, a test tube, a column matrix, a bead, 
a filter membrane. 

0018. In more defined embodiments of the present inven 
tion, the Starting cell population may independently com 
prise peripheral blood cells, lymph cells, or purified Tells. 
The Separating may comprise a centrifugation. In preferred 
embodiments, the purified Vö1 yöT cell population com 
prises at least about 75% Vö1 yöT cells, in other embodi 
ments the purified Vö1 yöT cell population may indepen 
dently comprise at least about 80%, at least about 85%, at 
least about 90%, at least about 95%, at least about 97%, at 
least about 98%, at least about 99%/, at least about 99.9% or 
at least about 100% Vö1 yöT cells. 
0019. Another aspect of the present invention provides a 
method for enriching a cell population for Vö1 yöT cells 
comprising the steps of providing a MICA or MICB 
polypeptide linked to a fluorescent or chemilluminescent 
label; contacting the polypeptide with a starting cell popu 
lation; and Separating cells exhibiting fluorescence or 
chemilluminescence. In Specific embodiments, the label is 
Selected from the group consisting of fluorescein, 
rhodamine, green fluorescent protein and luciferase. More 
particularly, the Separating comprises cell Sorting. In par 
ticular embodiments, the polypeptide is linked directly to the 
label. In other embodiments, the polypeptide is linked to the 
label by a linking moiety. More particularly the linking 
moiety is a bead. In particular aspects the resulting cell 
population comprises at least about 99% Vö1 yöT cells. 
0020. Also provided by the present invention is a method 
of targeting a therapeutic agent to a tumor cell expressing 
MICA or MICB on its surface comprising the steps of 
providing a therapeutic agent having a MICA- or MICB 
binding agent conjugated thereto, and contacting the thera 
peutic agent with the tumor cell. In Specific embodiments, 
the MICA- or MICB-binding agent is an antibody. In more 
Specifically, the antibody may be a humanized murine mono 
clonal antibody. The therapeutic agent may be Selected from 
the group consisting of a toxin, a cytokine, a nucleic acid 
encoding an antitumor agent, a chemotherapeutic and a 
radionuclide. The binding agent may bind to MICA, to 
MICB or alternatively the binding agent binds to both MICA 
and MICB. 

0021. The present invention further provides a method 
for treating cancer comprising the Step of administering to a 
subject a therapeutic agent having a MICA- or MICB 
binding agent conjugated thereto. In particular embodi 
ments, the administering comprises injection. The injection 
may independently be intratumoral or intravenous. 
0022. Also contemplated by the present invention is a 
method for expanding Vö1 yöT cells in a T-cell population 
comprising the Steps of contacting the T-cell population with 
MICA or MICB; and incubating the T-cell population under 
conditions permitting the growth and division of T-cells. In 
particular embodiments the contacting comprises culturing 
the T cell population is cultured with cells expressing MICA 
and MICB. In other aspects, the contacting comprises pro 
viding MICA or MICB as purified proteins. The starting cell 
population may be Selected from the group consisting of 
peripheral blood cells, lymph cells and purified T-cells. 
0023. In another aspect the present invention contem 
plates a method of adoptive immunotherapy comprising the 
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Step of administering to a patient a population of purified 
Vö1 yöT cells. In specific embodiments, the patient suffers 
from cancer. 

0024. The present invention also provides independently, 
methods of increasing expression of MICA or MICB in a 
cell comprising providing to the cell an expression construct 
comprising a coding region for MICA or MICB, wherein the 
coding region is under the control of a promoter active in 
eukaryotic cells. More particularly, the expression construct 
may be a viral expression vector. In Specific embodiments, 
the expression construct further comprises a polyadenyla 
tion signal. In more defined terms the cell is a human cell. 
The human cell may be located in a human Subject. In other 
embodiments, the human cell is a tumor cell. In particular 
aspects the method may further comprise administering to 
the human Subject a therapeutic agent having a MICA- or 
MICB-binding agent attached thereto. 
0.025 Conversely, in alternate embodiments, the present 
invention contemplates that decreasing the expression of 
MICA and/or MICB may be useful in the treatment of 
disease, Such as inflammatory bowel disease e.g. in 
Crohne's Disease. 

0026. Also contemplated by the present invention is a 
transgenic non-human mammal expressing a human MICA 
polypeptide. The mammal may be a mouse. In particular 
embodiments, the mouse expresses human MICA in a tissue 
Specific fashion. In more specific embodiments, the mouse 
selectively expresses MICA in intestinal epithelium. Simi 
larly, there is also provided by the present invention a 
transgenic non-human mammal expressing a human MICB 
polypeptide. In yet another alternative there is provided a 
transgenic non-human mammal expressing human MICA 
and MICB polypeptides. 
0027. These and other embodiments are described in 
greater detail in the following description and examples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 Not applicable 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0029. The present invention examines the role for the 
recently identified MHC-related cell surface molecules des 
ignated as MICA and MICB. The inventors have shown that 
these molecules are specifically expressed at the lining of the 
gastrointestinal (GI) tract. The GI tract is the primary site of 
infectious attack, is a major target for complications arising 
from GVHD and also plays a key role in the development of 
certain immune responses. Moreover, evidence is presented 
that Suggests that these class I-like molecules are recognized 
by a Subset of intestinal epithelial T-cells, having yo-recep 
tors, that presumably Serve a specialized first-line immune 
defense against bacterial infection. Thus, the demonstration 
of MICA and MICB in this part of the anatomy indicates its 
likely involvement with one or more of these events. 
0030 The present inventors further have determined that 
MICA and MICB are expressed at the cell Surface of colon 
and other cancer cells. In addition it is possible that these 
molecules may be exploited as diagnostic reagents for this or 
other types of tumors. Because of the unlikely role of MICA 
and MICB as ligands for T-cells they may have a role in 
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anti-tumor immune response. Thus, any manipulations that 
result in the enhanced expression and/or the activity of the 
responsive T-cells may have a therapeutic value in cancer 
therapy. 

0031. The MICA and MICB genes also are intriguing 
from a gene regulation Standpoint given the identification of 
heat shock response elements therein. Heat shock is a form 
of cellular StreSS which results in the induction of certain 
genes and their corresponding proteins to respond to the 
StreSS. This cellular machinery is, at least in part, the family 
of proteins known as heat shock proteins (HSPs). The 
inventors have shown that the MICA and MICB proteins of 
the present invention are regulated by a promoter heat shock 
elements similar to those of the HSP70 class of genes. 
0032) MICA Implications in Adoptive Immunotherapy 
and Graft Versus Host Disease 

0033 Adoptive immunotherapy is a therapeutic regimen 
involving the isolation and in vitro cloning and expansion of 
immunologically active cells from a donor. The expanded, 
therapeutically active cells are provided to a patient to obtain 
a therapeutic effect. If the donor is the patient, the transfer 
is “autologous.” If the donor is distinct from the patient, the 
transfer is "heterologous.” In heterologous transfers, the 
present invention provides for improved methods of match 
ing donors with recipients. The principal behind adoptive 
immunotherapy is that immune effector cells, Specifically 
are activated in vitro and administered to the patient to 
provide essential functions in mounting immune and anti 
tumor responses. 

0034. It is proposed that, given the information linking 
MICA with the gut and its related immune functions, MICA 
may serve as an important marker for improving the results 
in transplant situations. More specifically, in addition to 
matching various HLA antigens, it may be equally (or more) 
important to look at MICA to determine the suitability of a 
particular donor-recipient combination. The Screening meth 
ods applied would be the same as those currently employed 
for HLA typing. 
0035. One good example of how this could be exploited 
is the bone marrow transplant. BMT involves the transfer of 
hematopoeitic and immunocompetent lymphoid elements 
from a donor into a recipient. The major complication of 
bone marrow transplant has been the development of graft 
versus-host disease. The clinical manifestations of GVHD 
produce a complex Syndrome which reflects the graft verSuS 
host reaction as well as numerous infectious complications 
related to a compromised host immune System. In Severe 
manifestations of GVHD, the patient's compromised 
immune System gives rise to complications in the gas 
trointestinal tract. These complications include diarrhea, 
anorexia, nausea and Vomiting as well as malabsorption, 
abdominal pain, ileus and ascites formation. Clearly, a 
method that will alleviate Such debilitating manifestations is 
needed. GVHD in bone marrow transplants is associated 
with alloreactivity of donor T lymphocytes against recipient 
cells. Alloreactivity requires Several Steps. The first is rec 
ognition of foreign tissue antigens. 

0036) The incidence of GVHD has been shown to be 
decreased in animals by performing a variety of typing 
Studies to ensure the donor and host are Suitably matched at 
the MHC locus. However, it has been shown that even when 
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the donor and host are completely matched at the MHC 
locus, there remains a Substantial GVHD in certain indi 
viduals. MICA and MICB may serve as targets for donor 
derived infiltrating T-cells which may lead to an immune 
response against gut tissue of the marrow graft recipient. 
The present invention therefore provides a means of Staging 
tissue damage in GVHD by using anti-MICA monoclonal 
antibodies and potentially provides a means to inhibit the 
role of MICA in eliciting this damaging pathology through 
the development of appropriate therapeutics. 

0037 Based on the knowledge that T-cells recognize 
antigens as Small peptides in the context of major histocom 
patibility antigens, including human leukocyte antigens, 
Several mechanisms of alloreaction have been proposed. 

0.038. At the present time, it is believed that T-cells 
recognize transplanted cells as (1) intact foreign HLA mol 
ecule with an endogenous peptide that resembles a Self HLA 
molecule with a previously seen foreign peptide, (2) a 
foreign HLA molecule-derived peptide in the context of a 
self HLA molecule, and (3) an intact empty foreign HLA 
molecule that again resembles a Self HLA molecule with a 
foreign peptide. The mechanisms by which antigen is pro 
cessed and presented within the context of MHC include (i) 
the presence of foreign HLA molecules on the Surface of 
transplanted cells, (ii) the ingestion of foreign HLA mol 
ecules by Self antigen-presenting cells (APC), (iii) the 
catabolism of these foreign HLA molecules, (iv) the pre 
Sentation of peptides derived from these foreign HLA mol 
ecules in the context of self HLA molecules and (v) the 
processing and presentation of endogenously produced pep 
tides in the context of self and foreign HLA molecules. 
0.039 The processing of self or non-self protein takes 
place Via different mechanisms. Exogenous proteins are 
endocytosed by APC and then transported to acid lySOSomes 
where acid hydrolases cleave the protein into peptide anti 
gens. These peptides are then loaded into HLA class II 
molecules that were previously occupied by invariant 
chains, and transported to the cell's Surface. These exog 
enous peptides in the context of class II HLA molecules are 
recognized by CD4lymphocytes. Endogenous peptides pro 
duced by antigen presenting cells are believed to associate 
with class I HLA molecules in the Golgi apparatus. These 
endogenous peptides in the context of class I HLA mol 
ecules are recognized by CD8T lymphocytes. Alloreactiv 
ity also requires elaboration of coStimulatory Signals by the 
antigen-presenting cells, including the Secretion of interleu 
kin-1 (IL-1), interleukin-6 (IL-6) and TNF-C. Finally, the 
T-cells themselves participate by Secreting the T-cell growth 
factor, interleukin-2 (IL-2) and other is factors involved in 
T-cell regulation including interleukin-4 (IL4) and C.2-inter 
feron (O2-INF). 
0040 MICA is a polymorphic molecule that has been 
demonstrated herein to be an integral membrane, molecule 
present at the cell. AS demonstrated herein for the first time, 
MICA expression is not associated with beta-2-microglobu 
lin and is independent of cellular antigen processing. Fur 
thermore, MICA and MICB are expressed almost exclu 
sively in the gatrointestinal epithelium. MICA and MICB 
are unique among all class-I like molecules and their expres 
Sion in gastrointestinal epithelia Suggests the importance of 
MICA and MICB as transplantation antigens. Thus, one 
would identify the particular MICA and/or MICB allele 
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present in a person to whom bone marrow cells would be 
provided. Then, the same determination would be made of 
potential donors. Matches then would further be screened 
for compatability on other bases, including HLA. The Suit 
ability of a donor will be determined based on the results of 
Such Screens. 

0041) MIC Implications. In Cancer 
0042. The inventors have shown that MICA is expressed 
in various cancer cell lines Suggesting that cells may be 
screened for the overexpression of MICA and/or MICB, its 
presence indicating potential carcinogenesis. The methods 
by which Such Screening takes place are well known in the 
art and, in many cases, described further below. 
0043. The present application describes an involvement 
of MICA with colon carcinoma, prostate, Stomach, cervical, 
lymphatic, head and neck, esophagal, lung (Small cell, 
NSC), liver (hepatocarcinoma), brain (glioma), breast, renal, 
melanoma, leukemia, testicular, ovarian or other cancer. The 
expression of MICA in tumor cells provides a marker for 
diagnostic Screening methods for cancer in, for example, 
tumor or tissue biopsy samples. MICA and/or MICB expres 
Sion in tumor cells may be detected and/or quantitated using 
for example, MICA or MICB binding agent such as a 
specific antibody or PCR primers suitable for amplification 
of mRNAS isolated from biopsy material. Thus the invention 
envisions diagnostic detection assayS. 
0044) To the extent that MICA or MICB is expressed on 
tumor cells, it also is possible that one could target a therapy 
to these cells in vivo selectively. Such therapies may include 
the delivery of therapeutic agents including but not limited 
to toxins, cytokines, nucleic acids encoding anti-tumor 
agents, radio- or chemopharmaceuticals. Targeting may be 
effected by using MICA or MICB binding agents such as 
antibodies. Further, biological information on MICA and 
MICB and on the Yö T-cells may be used to enhance this 
interaction in patients thus helping T-cell anti-tumor immune 
response. In exploiting this previously unrecognized inter 
action, those of skill in the art will be able to rely on 
analogous Strategies developed with other immunological 
Systems to treat disease. 
0045 Heat Shock Proteins 
0046) The heat shock (HS) or stress response is a uni 
Versal response occurring in organisms ranging from plants 
to primates. It is a response that can be elicited as a result of 
not only heat shock, but also as a result of a variety of other 
Stresses including ischemia, anoxia, glucose deprivation, 
ionophores glucose and amino acid analogues, ethanol, 
transition Series metals, drugs, hormones and bacterial and 
Viral infections. This response is characterized by the Syn 
thesis of a family of well conserved proteins of varying 
molecular sizes that are differently induced and localized. 
These proteins are among the most phylogenetically con 
Served and are characterized according to their weights. 
0047 The transcriptional activation of stress protein 
encoding genes occurs within minutes in response to envi 
ronmental and or physiological trauma This Speedy response 
has been attributed to the lack of introns in the vast majority 
of heat shock proteins. This absence of introns allows HSPs 
to circumvent a block in intron processing that occurs at 
elevated temperature. Thus, the HSP is translated with very 
high efficiency often at the expense of other proteins. AS 
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disclosed in more detail herein, MICA and MICB expression 
is induced by heat Shock with kinetics that are Similar to 
induction of HSP70 after heat shock. The identification of an 
operable heat Shock promoter Suggests that expression of 
MICA and MICB is coupled to cell stress. Thus these 
molecules may be recognized alone or complexed with 
ligands derived from heat Shock proteins. The heat shock 
induction of MICA and MICB expression provides methods 
for detecting cell StreSS by detecting and/or measuring 
MICA or MICB expression as a cell stress marker. Within 
these embodiments, reagents are provided that are capable of 
expressing MICA or MICB and reagents that permit the 
detection of MICA or MICB expression on the surface of 
cells. These reagents may be used in methods and kit 
formulations for, for example, toxicity testing. 

0.048 Given the inventors observation regarding the heat 
Shock regulatory elements found associated with MICA, it is 
possible that MICA may be connected to a heat shock or 
StreSS response. The heat Shock-immune connection is not 
without precedent, as it has been shown that prokaryotic 
HSPS can elicit a strong immunological reaction, and Some 
of the immunoglobulins and cytotoxic lymphocytes formed 
during an immune response are directed against peptides 
derived from HSPs. It appears that stress proteins which 
accumulate in response to environmental change may serve 
as prime targets in autoimmune disease. (Shinnick et al., 
1988; Young, 1990; Rajaseker et al., 1990, Holoshitz et al., 
1983). For example, rat adjuvant arthritis, which is a model 
for human rheumatoid arthritis in many respects, can be 
induced following injection with M. tuberculosis in com 
plete Freund's adjuvant. It was shown that the arthritogenic 
agent in this composition was HSP65. Furthermore, T lym 
phocytes isolated from rheumatoid arthritis, tuberculosis and 
leprosy recognize mycobacterial StreSS proteins, and these 
cells Seem to accumulate at Sites of autoimmune lesions. 
These facts notwithstanding, it has been noted that not all 
T-cell clones that recognize these proteins are arthritogenic, 
and T lymphocytes that recognize StreSS proteins have been 
isolated from individuals who exhibit no signs of autoim 
mune disease. Thus, under normal circumstances, immuno 
regulatory mechanisms are involved in maintaining a bal 
ance between tolerance and autoimmunity with respect to 
Self-reactive T-cells. The induction of heat shock may upset 
this balance and act as a trigger for immune defense. 
0049. There is a distinct advantage to having a pool of 
T-cells that is able to recognize well conserved protein 
determinants in that it provides the organism with a first line 
defense against common antigens. In accordance with this 
prediction, it has been demonstrated that in the mouse a 
portion of T-cells recognizing HSPS eXpress the gamma 
delta T-cell receptor and that this population is preferentially 
enriched following heat Shock and/or prior exposure to 
mycobacterial antigens. In any event, the integration of 
immune response and heat shock response further is evi 
denced by the dual characteristics of MICA immune func 
tion and heat Shock regulation. 
0050 y&-T-Cells 
0051 T lymphocytes most commonly express a T-cell 
receptor (TcR) consisting of a heterodimer of C- and f-chain 
polypeptides (Yanagi et al., 1984; Hedricket al., 1984; Saito 
et al., 1984; Sim et al., 1984; Toyonaga and Mak, 1987). 
These cells recognize antigens in the context of Self-mol 
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ecules encoded by the major histocompatibility complex 
(MHC), and participate in regulating immune responses as 
well as killing target cells expressing foreign antigens. 
While the antigenic composition and biological role of CB 
T-cells are well defined, the target(s) and function(s) of 
T-cells expressing Yo T-cell receptorS remain obscure. For 
example, it has been difficult to identify ligands recognized 
by Yö receptors or to demonstrate classical MHC-restricted 
reactivity and furthermore, many of the previously obtained 
results are controversial. 

0052 Some types of ligands thus far identified for Yö 
T-cells are heat-shock proteins (HSP) and the purified pro 
tein derivative of mycobacterium (PPD), composed of a 
large fraction of HSP-65 (Augustin et al., 1989; Haregewoin 
et al., 1989; O'Brien et al., 1989; Holoshitz et al., 1989; 
Happ et al., 1989; Modlin et al., 1989; Janis et al., 1989; 
Kaufmann, 1990). HSPs are highly conserved among both 
prokaryotes and eukaryotes (Kaufmann, 1990). This implies 
that a significant proportion of Yö T-cells may be selected for 
reactivity to highly conserved antigens that can be derived 
both exogenously and endogenously. Recently phosphate 
compounds Secreted by bacteria have been identified as 
non-peptide antigens recognized by many Vy2VÖ2T cells. 

0053. In the past the critical unknown for yo lymphocyte 
recognition of endogenous HSPs was whether and under 
what conditions these proteins or their peptide fragments 
would reach the cell Surface in an immunogenic manner. 
During development, regulated expression of HSPs by 
immature Stromal elements could be important in Yö recog 
nition and function (Ferricket al., 1990; Ferricket al., 1989). 
Injured cells, induced by trauma to host tissue, may present 
Stimulatory concentrations of Self-antigens on their Surfaces. 
The recognition of self-HSPs by Yö T-cells could then result 
in generating certain types of autoimmune disorders. Data 
consistent with Such arguments have been made in the 
literature (Holoshitz et al., 1989; Modlin et al., 1989). The 
inventors observations suggest that Vö1 yö T-cells in the gut 
may interact with MICA and/or MICB or may bind to these 
molecules in complex with or without HSP-derived peptide 
fragments. Moreover, a linkage disequilibrium has been 
demonstrated between MICA alleles and closely linked 
HLA-Balleles suggesting that MICA may be involved in a 
number of autoimmume diseases Such as Behcet disease. 
Thus, aberrant expression or mutant forms of MICA or 
MICB may be involved in the development of certain 
autoimmume diseases. 

0054. In a particular embodiment, the present invention 
provides a method for isolating or purifing Yo T cells from 
a population of Starting cells by contacting a Sample con 
taining the Vö1 yöT cells with MICA and/or MICB bound to 
a Support and isolating the bound cells away from the 
remainder of the Sample. The Solid Support may be any Solid 
Support known in the art Such as a microtiter plate, a filter, 
culture dish, dipstick, column matrix, polystyrene beads, 
magnetic beads, agarose and the like. In those emboidments 
in which the solid support is a bead, the Vö1 yö T cells may 
be separated by centrifugation. The Starting cell population 
may be any population of cells that comprises T-lympho 
cytes and more particularly yö T cells, and even more 
preferably Vö1 yö T cells. Cells of the lymphoid system 
would be useful starting cells. The lymphoid system is 
composed of the primary lymphoid organs comprising the 
bone marrow and the thymus, the lymphocytes they produce 
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and a collection of Secondary lymphoid organs that are the 
Sites where immune responses are initiated. The Secondary 
lymphoid organs are interconnected by a circulatory System 
composed of two circulatory networks, the blood Stream and 
the lymphatic. The lymphocytes are carried throughout most 
of the tissues and organs by this circulatory System. Thus, 
cells that are contemplated as the Starting cell population 
herein include cells from the bone marrow, the thymus, the 
peripheral blood, as well as cells from the Secondary organs 
Such as the lymph nodes, the Spleen, adenoids, Peyers 
patches and the appendix. The cell population may also 
comprise purified T-cells. 
0.055 Another aspect of the present invention comprises 
a method for expanding Vö1 yöT cells in a T-cell population. 
This method generally involves contacting the T-cell popu 
lation with MICA or MICB; and incubating the T-cell 
population under conditions permitting the growth and divi 
Sion of T-cells. T-cell culture occurs under Standard condi 
tions familiar to those of skill in the art employing Lym 
phokines IL-2 and IL-7. 
0056. In specific examples, the present invention 
employs the rapid expansion method (REM) for quickly 
generating T cells. REM involves culturing the T-cells in 
asSociation with a disproportionately large concentration of 
non-dividing feeder cells, present at in exceSS relative to the 
number of target T cells. Cultures grown under REM exhibit 
enhanced rates that can be elevated by the use of appropriate 
concentrations of additional feeder cells, IL2 and other 
growth factors. REM is described in detail in WO96/06929 
and 97/32970, which are incorporated herein by reference. 
AS used herein feeder cells are accessory cell that provide 
co-stimulating functions in conjunction with T cell receptor 
activation. Thus in preferred embodiments, the feeder cells 
may be engineered to express MICA or MICB on their 
surface so as to stimulate the proliferation of Vö1 yöT cells. 
In alternate embodiments, purified MICA or MICB peptides 
or variants thereof may be added to the culture medium in 
order to activate the Vö1 yöT cells. 
0057) MICA, MICB and Related Polypeptides and Genes 
0.058 MICA and MICB (MHC class I Chain-related 
genes A and B), are closely related and are encoded by 40 
and 110 kilobases (kb) centromeric of HLA-B, respectively 
(Bahram et al., 1994). Distinct from all MHC class Ib genes, 
sequences directly homologous to MICA and MICB are 
conserved in many if not all mammals except rodents, and 
thus probably originated in primordial mammals or at an 
earlier evolutionary stage. The translation product of MICA 
is only distantly similar to mammalian MHC class I chains, 
but it shares the same domain organization and predictably 
a similar tertiary structure. An average of 25% of the MICA 
amino acids in the putative extracellular C1, C2, and C3 
domains match residues in diverse human and mouse, or in 
any other mammalian MHC class I Sequences (Bahram et 
al., 1994). A further characteristic of MICA is the complete 
absence of all of the residues implicated in the binding of 
CD8 and the presence of eight N-linked glycosylation sites in 
the C1-C3 domain Sequences. Moreover, transcription of 
MICA is restricted to various epithelial cell lines and is not 
regulated by Y-interferon. MICB mRNA is present in the 
Same cell lines, albeit at very low levels. 
0059. The inventors report the complete nucleotide 
Sequence of the MICA gene comprising 11,722 basepairs 
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(bp) of DNA 40 kilobases centromeric of HLA-B. The 
Sequence was obtained from Single-stranded (M13) and 
double-stranded (pUC19) templates of mapped or randomly 
shot-gun subcloned DNA fragments that were derived from 
the cosmid M32A (Spies et al., 1989). The first exon 
encoding the leader peptide is followed by an intron of 6840 
bp, which is unusually large for a class I gene. The remain 
der of the MICA gene Shows an organization quite Similar to 
that of conventional class I genes, except for the presence of 
a relatively long intron following the transmembrane exon 
and the fusion of the cytoplasmic tail and 3' untranslated 
Sequence in a single last eXon. The translated amino acid 
Sequence corresponds to the MICA4 allele. 
0060. The MICB gene has been mapped in cloned 
cosmids by DNA blot hybridizations using a MICA cl)NA 
probe. It corresponds to mRNA of about 2.4 kb, distinct 
from MICA mRNA, which is 1.4 kb in size (Bahram et al., 
1994). A partial 2304 base pairs (bp) MICB clDNA clone 
lacking the leader peptide Sequence was isolated from an 
IMR90 human lung fibroblast library by screening with the 
MICA cDNA probe. The missing 5' end sequence was 
cloned by a 5' Rapid Amplification of cDNA ends poly 
merase chain reaction (RACE-PCR) procedure (5'-AMPLI 
FINDER RACE kit; Clontech, Palo Alto, Calif.) after 
reverse transcription (RT) of poly(A)"HeLa cell mRNA in 
the presence of a specific RT primer (3'-ACTGGGGAA 
CAAGGTTTATATGAGA-5', MICB nucleotides 1653 
1677; SEQID NO:5). Purified first-strand cDNA was ligated 
to a 5' anchor oligonucleotide with T4 RNA polymerase, and 
amplified by PCR using anchor primer and an MICB oli 
gonucleotide (3'-TGTCACCCGTCTTCTACAGGACCC 
5', MICB nucleotides 215-238; SEQ ID NO:6). The ampli 
fied 250 bp DNA fragment was directly cloned in PCRII 
(Invitrogen, San Diego, Calif.) and Sequenced. A cINA 
including the complete MICB coding Sequence was Subse 
quently generated by RT-PCR and cloned, using the same 
RT primer and PCR primerS flanking the Single long open 
reading frame 5'-(Sal I)GGGGCCATGGGGCTGGG-3' 
SEQ ID NO:7, and 3'-ATCTGAGATGTCGGTCC-(Bam 
HI)-5' SEQ ID NO:8). 
0061 The full-length MICB cDNA sequence of 2376 bp 
encodes a polypeptide of 383 amino acids that begins with 
a probable translation initiation codon (ATG) at nucleotide 
position 6 (Kozak, 1991) and has a predicted M. of 43000. 
The stop codon is followed by a relatively long 3' untrans 
lated region, which accounts for the Size difference of the 
MICB and MICA mRNAs. A consensus polyadenylation 
signal near the 3' end of the MICB c)NA is missing; the 
nearest AATAAA Sequence is located 772 bp upstream and 
an appropriately positioned alternative polyadenylation Sig 
nal is not readily discernible (Wickens, 1990). 
0062) The MICB translation product is identical to the 
MICA chain in length and domain organization and is highly 
similar, with 83% matching amino acid residues. Of the total 
of 65 amino acid Substitutions, 18 are clustered within a 
Segment of 24 amino acids in the putative transmembrane 
segment of MICB, which represents the sole highly dispar 
ate portion of the aligned Sequences. This difference could 
affect the intracellular trafficking of the MICB chain or its 
assembly with other protein subunits. In the C1-C3 domains, 
MICB and MICA share 86% amino acid sequence similarity, 
with 15, 14, and 8 amino acid Substitutions in the C1, C2, 
and C3 domains, respectively, which show no notable pref 
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erential distribution. Like MICA, the putative MICB chain 
may be heavily glycosylated, owing to the presence of five 
potential N-linked glycosylation sites, of which four in the 
C3 domain are common to both Sequences. None of the three 
N-linked glycosylation motifs in MICA Cl1 and C2 are 
conserved in MICB, which has one Such motif in the C2 
domain. The highly conserved glycosylation Site at amino 
acid position 86 in MHC class I chains is missing in MICB 
and MICA. Both sequences include the two pairs of cys 
teines in the C2 and C3 domains, which form intradomain 
disulfide bonds in class I chains, and Several extra cysteine 
residues. 

0063 Common to MICB and MICA is a gap in the C1 
domain, which corresponds to the peptide Side chain-bind 
ing pocket B ("45" pocket) in many MHC class I chains, and 
an insertion of 6 amino acids at position 147 in the C2 
domain (Bahram et al., 1994). These alterations could result 
in occlusion of the putative peptide-binding Site, possibly 
with the same effect as in the mouse T10 and T22 class Ib 
claims, which have gaps of 3 and 13 amino acids at the 
positions 47 and 142 in the C1 and C2 domains, respectively, 
and apparently do not associate with peptides (Schild et al., 
1994; Kaliyaperumal et al., 1995). Overall, MICB shows the 
Same degree of divergence from mammalian MHC class I 
chains as MICA, with most of the amino acid residues that 
are invariant among vertebrate class I Sequences being 
conserved (Grossberger and Parham, 1992; Bahram et al., 
1994). Thus, altogether, MICB and MICA are very closely 
related and were probably derived by a relatively recent 
gene duplication. 

0064. Additional sequences similar to MICA and MICB 
(MICC, MICD, and MICE) have been localized in the 
human MHC near the HLA-E, -A, and -F genes using yeast 
artificial chromosome (YAC) clones spanning the class I 
region (Bahram et al., 1994). By partial genomic sequencing 
of corresponding cosmid DNA, these three Sequences were 
identified as truncated gene fragments. Thus, MICA and 
MICB are the only functional members in this family of 
highly diverged MHC class I genes. This is similar to the 
existence of numerous class I pseudogenes and gene frag 
ments in the human MHC and mouse H2 complex 
(Stroynowski, 1990; Geraghty, 1993). 

0065. The MICB gene, like MICA, encodes mRNA 
directing the Synthesis of a functional polypeptide. These 
genes represent the most divergent mammalian MHC class 
I genes known and share a common origin that probably 
predates the main mammalian radiation. Their evolutionary 
preservation, indicates Selection for an adaptive function. 
This is supported by the findings reported herein below that 
both genes are regulated by promoter heat-Shock response 
elements related to those of HSP70 genes, and by results 
indicating the cell Surface expression of MICA protein. In 
addition, MICA is highly polymorphic with sixteen allelic 
variants So far identified. This degree of Sequence variation 
is characteristic of the well known MHC class I and class II 
proteins. A probable immunological function of MICA and 
MICB is demonstrated by the findings disclosed hereinbe 
low. 

0066. The MICA, MICB genes or their corresponding 
cDNA can be inserted into an appropriate cloning vehicle for 
manipulation thereof. In addition, Sequence variants of the 
polypeptide can be prepared. These may, for instance, be 
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minor Sequence variants of the polypeptide that arise due to 
natural variation within the population or they may be 
homologues found in other species. They also may be 
Sequences that do not occur naturally but that are Sufficiently 
Similar that they function Similarly and/or elicit an immune 
response that croSS-reacts with natural forms of the polypep 
tide. Sequence variants can be prepared by Standard methods 
of Site-directed mutagenesis Such as those described below 
in the following Section. 

0067 Amino acid sequence variants of the polypeptide 
can be Substitutional, insertional or deletion variants. Dele 
tion variants lack one or more residues of the native protein 
which are not essential for function or immunogenic activity, 
and are exemplified by the variants lacking a transmembrane 
Sequence described above. Another common type of dele 
tion variant is one lacking Secretory Signal Sequences or 
Signal Sequences directing a protein to bind to a particular 
part of a cell. 

0068 Substitutional variants typically contain the 
eXchange of one amino acid for another at one or more Sites 
within the protein, and may be designed to modulate one or 
more properties of the polypeptide Such as Stability against 
proteolytic cleavage. Substitutions preferably are conserva 
tive, that is, one amino acid is replaced with one of Similar 
shape and charge. Conservative Substitutions are well 
known in the art and include, for example, the changes of: 
alanine to Serine, arginine to lysine; asparagine to glutamine 
or histidine, aspartate to glutamate, cysteine to Serine; 
glutamine to asparagine; glutamate to aspartate; glycine to 
proline; histidine to asparagine or glutamine, isoleucine to 
leucine or valine; leucine to Valine or isoleucine; lysine to 
arginine; methionine to leucine or isoleucine, phenylalanine 
to tyrosine, leucine or methionine, Serine to threonine; 
threonine to Serine; tryptophan to tyrosine, tyrosine to 
tryptophan or phenylalanine; and Valine to isoleucine or 
leucine. 

0069. Insertional variants include fusion proteins such as 
those used to allow rapid purification of the polypeptide and 
also can include hybrid proteins containing Sequences from 
other proteins and polypeptides which are homologues of 
the polypeptide. For example, an insertional variant could 
include portions of the amino acid Sequence of the polypep 
tide from one Species, together with portions of the homolo 
gous polypeptide from another species. Other insertional 
variants can include those in which additional amino acids 
are introduced within the coding Sequence of the polypep 
tide. These typically are Smaller insertions than the fusion 
proteins described above and are introduced, for example, 
into a protease cleavage Site. 

0070. In one embodiment, major antigenic determinants 
of the polypeptide are identified by an empirical approach in 
which portions of the gene encoding the polypeptide are 
expressed in a recombinant host, and the resulting proteins 
tested for their ability to elicit an immune response. For 
example, PCR can be used to prepare a range of cDNAS 
encoding peptides lacking Successively longer fragments of 
the C-terminus of the protein. The immunoprotective activ 
ity of each of these peptides then identifies those fragments 
or domains of the polypeptide that are essential for this 
activity. Further experiments in which only a small number 
of amino acids are removed at each iteration then allows the 
location of the antigenic determinants of the polypeptide. 
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0071 Another embodiment for the preparation of the 
polypeptides according to the invention is the use of peptide 
mimetics. Mimetics are peptide-containing molecules that 
mimic elements of protein Secondary Structure. See, for 
example, Johnson et al., “Peptide Turn Mimetics” in BIO 
TECHNOLOGY AND PHARMACY, Pezzuto et al., Eds., 
Chapman and Hall, New York (1993). The underlying 
rationale behind the use of peptide mimetics is that the 
peptide backbone of proteins exists chiefly to orient amino 
acid Side chains in Such a way as to facilitate molecular 
interactions, Such as those of antibody and antigen. A 
peptide mimetic is expected to permit molecular interactions 
Similar to the natural molecule. 

0072. Within one embodiment of the invention, soluble 
forms of MICA or MICB are produced by recombinant 
expression of a truncated MICA or MICB coding regions. 
Within a preferred embodiment, a truncated MICA or MICB 
lacks the transmembrane domain and cytoplasmic tail and 
includes the three extracellular domains. Such truncated 
forms of the invention may be expressed from suitable host 
cells including yeast, mammalian, and insect cells using 
regulatory Sequences, vectors and methods well established 
in the literature. To facilitate purification and/or identifica 
tion of the truncated molecules, it may be preferable to 
include a sequence encoding a tag. The use of antigenic and 
other tags are well established and include Myc-tags, hema 
glutinin tags and His tags. His tags in which the cloning 
Sequence of interest is joined in-frame with a sequence 
encoding oligomeric histidines permit the purification of the 
resulting proteins using metal-affinity chromatography. 
Soluble MICA or MICB proteins produced in this manner 
may be used to block the function of MICA or MICB by 
competing with proteins that interact with MICA or MICB. 
Such Soluble molecules may have value not only in func 
tional Studies, but may also be useful in blocking T-cell 
recognition of MICA or MICB. The soluble molecules may 
also be exploited to derive minimal peptides or other agents 
that have powerful effects in blocking T-cell function. Fur 
ther, Soluble peptides may also be useful in adoptive immu 
notherapy. 

0.073 Successful applications of the peptide mimetic 
concept have thus far focused on mimetics of B-turns within 
proteins, which are known to be highly antigenic. Likely 
B-turn Structure within a polypeptide can be predicted by 
computer-based algorithms as discussed above. Once the 
component amino acids of the turn are determined, peptide 
mimetics can be constructed to achieve a similar spatial 
orientation of the essential elements of the amino acid side 
chains. 

0.074) Modification and changes may be made in the 
Structure of a gene and Still obtain a functional molecule that 
encodes a protein or polypeptide with desirable character 
istics. The following is a discussion based upon changing the 
amino acids of a protein to create an equivalent, or even an 
improved, Second-generation molecule. The amino acid 
changes may be achieved by change the codons of the DNA 
Sequence, according to the following data. 

0075 For example, certain amino acids may be substi 
tuted for other amino acids in a protein Structure without 
appreciable loSS of interactive binding capacity with Struc 
tures Such as, for example, antigen-binding regions of anti 
bodies or binding sites on Substrate molecules. Since it is the 
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interactive capacity and nature of a protein that defines that 
protein's biological functional activity, certain amino acid 
Substitutions can be made in a protein Sequence, and its 
underlying DNA coding Sequence, and nevertheless obtain a 
protein with like properties. It is thus contemplated by the 
inventors that various changes may be made in the DNA 
Sequences of genes without appreciable loSS of their bio 
logical utility or activity. Table 1 shows the codons that 
encode particular amino acids. 
0076. In making such changes, the hydropathic index of 
amino acids may be considered. The importance of the 
hydropathic amino acid indeX in conferring interactive bio 
logic function on a protein is generally understood in the art 
(Kyte & Doolittle, 1982). 

TABLE 1. 

Amino Acids Codons 

Alanine Ala A. GCAGCC GCG GCU 
Cysteine Cys C UGC UGU 
Aspartic acid Asp D GAC GAU 
Glutamic acid Glu E GAA GAG 
Phenylalanine Phe F UUC UUU 
Glycine Gly G GGA GGC GGG GGU 
Histidine His H CAC CAU 
Isoleucine Ile I AUAAUCAUU 
Lysine Lys K AAAAAG 
Leucine Leu L UUA UUG CUA CUC CUG CUU 
Methionine Met M AUG 
Asparagine Asn N AACAAU 
Proline Pro P CCACCC CCG CCU 
Glutamine Glin O CAA CAG 
Arginine Arg R AGA AGG CGA CGC CGG CGU 
Serine Ser S AGC AGU UCAUCC UCG UCU 
Threonine Thr T ACA ACCACG ACU 
Valine Val V GUAGUC GUG GUU 
Tryptophan Trp W UGG 
Tyrosine Tyr Y UAC UAU 

0077. It is accepted that the relative hydropathic character 
of the amino acid contributes to the Secondary Structure of 
the resultant protein, which in turn defines the interaction of 
the protein with other molecules, for example, enzymes, 
Substrates, receptors, DNA, antibodies, antigens, and the 
like. 

0078 Each amino acid has been assigned a hydropathic 
indeX on the basis of their hydrophobicity and charge 
characteristics (Kyte & Doolittle, 1982), these are: Isoleu 
cine (+4.5); Valine (+4.2); leucine (+3.8); phenylalanine 
(+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine 
(+1.8); glycine (-0.4); threonine (-0.7); Serine (-0.8); tryp 
tophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine 
(-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 
asparagine (-3.5); lysine (-3.9); and arginine (4.5). 
0079. It is known in the art that certain amino acids may 
be Substituted by other amino acids having a similar hydro 
pathic index or Score and Still result in a protein with Similar 
biological activity, i.e., Still obtain a biological functionally 
equivalent protein. In making Such changes, the Substitution 
of amino acids whose hydropathic indices are within t2 is 
preferred, those which are within it? are particularly pre 
ferred, and those within +0.5 are even more particularly 
preferred. 

0080. It is also understood in the art that the Substitution 
of like amino acids can be made effectively on the basis of 
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hydrophilicity. U.S. Pat. No. 4,554,101, incorporated herein 
by reference, States that the greatest local average hydro 
philicity of a protein, as governed by the hydrophilicity of its 
adjacent amino acids, correlates with a biological property 
of the protein. 
0081. As detailed in U.S. Pat. No. 4,554,101, the follow 
ing hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0+1); 
glutamate (+3.0t1); Serine (+0.3); asparagine (+0.2); 
glutamine (+0.2); glycine (O); threonine (-0.4); proline 
(-0.5+1); alanine (-0.5); histidine *-0.5); cysteine (-1.0); 
methionine (-1.3); Valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan 
(-3.4). 
0082 It is understood that an amino acid can be substi 
tuted for another having a similar hydrophilicity value and 
Still obtain a biologically equivalent and immunologically 
equivalent protein. In Such changes, the Substitution of 
amino acids whose hydrophilicity values are within t2 is 
preferred, those that are within it? are particularly preferred, 
and those within +0.5 are even more particularly preferred. 
0.083. As outlined above, amino acid substitutions are 
generally based on the relative Similarity of the amino acid 
Side-chain Substituents, for example, their hydrophobicity, 
hydrophilicity, charge, size, and the like. Exemplary Substi 
tutions that take various of the foregoing characteristics into 
consideration are well known to those of skill in the art and 
include: arginine and lysine; glutamate and aspartate, Serine 
and threonine; glutamine and asparagine; and valine, leucine 
and isoleucine. 

0084. Site-Specific Mutagenesis 
0085 Site-specific mutagenesis is a technique useful in 
the preparation of individual peptides, or biologically func 
tional equivalent proteins or peptides, through specific 
mutagenesis of the underlying DNA. The technique further 
provides a ready ability to prepare and test Sequence vari 
ants, incorporating one or more of the foregoing consider 
ations, by introducing one or more nucleotide Sequence 
changes into the DNA. Site-specific mutagenesis allows the 
production of mutants through the use of Specific oligo 
nucleotide Sequences which encode the DNA sequence of 
the desired mutation, as well as a Sufficient number of 
adjacent nucleotides, to provide a primer Sequence of Suf 
ficient Size and Sequence complexity to form a stable duplex 
on both sides of the deletion junction being traversed. 
Typically, a primer of about 17 to 25 nucleotides in length 
is preferred, with about 5 to 10 nucleotides on both sides of 
the junction of the Sequence being altered. 
0.086. In general, the technique of site-specific mutagen 
esis is well known in the art. AS will be appreciated, the 
technique typically employs a bacteriophage vector that 
exists in both a Single Stranded and double Stranded form. 
Typical vectors useful in Site-directed mutagenesis include 
vectorS Such as the M13 phage. These phage vectors are 
commercially available and their use is generally well 
known to those skilled in the art. Double stranded plasmids 
are also routinely employed in Site directed mutagenesis, 
which eliminates the Step of transferring the gene of interest 
from a phage to a plasmid. 
0087. In general, site-directed mutagenesis is performed 
by first obtaining a Single-Stranded vector, or melting of two 
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strands of a double stranded vector which includes within its 
Sequence a DNA sequence encoding the desired protein. An 
oligonucleotide primer bearing the desired mutated 
Sequence is Synthetically prepared. This primer is then 
annealed with the Single-Stranded DNA preparation, and 
Subjected to DNA polymerizing enzymes Such as E. coli 
polymerase I Klenow fragment, in order to complete the 
Synthesis of the mutation-bearing Strand. Thus, a heterodu 
pleX is formed wherein one Strand encodes the original 
non-mutated Sequence and the Second Strand bears the 
desired mutation. This heteroduplex vector is then used to 
transform appropriate cells Such as E. coli cells, and clones 
are Selected that include recombinant vectors bearing the 
mutated Sequence arrangement. 
0088. The preparation of sequence variants of the 
Selected gene using Site-directed mutagenesis is provided as 
a means of producing potentially useful species and is not 
meant to be limiting, as there are other ways in which 
Sequence variants of genes may be obtained. For example, 
recombinant vectors encoding the desired gene may be 
treated with mutagenic agents, Such as hydroxylamine, to 
obtain Sequence variants. 
0089 Antisense 
0090 Antisense methodology takes advantage of the fact 
that nucleic acids tend to pair with “complementary' 
Sequences. By complementary, it is meant that polynucle 
otides are those which are capable of base-pairing according 
to the standard Watson-Crick complementarity rules. That is, 
the larger purines will base pair with the Smaller pyrimidines 
to form combinations of guanine paired with cytosine (G:C) 
and adenine paired with either thymine (A:T) in the case of 
DNA, or adenine paired with uracil (AU) in the case of 
RNA. Inclusion of leSS common bases Such as inoSine, 
5-methylcytosine, 6-methyladenine, hypoxanthine and oth 
erS in hybridizing Sequences does not interfere with pairing. 
0091 Targeting double-standed (ds) DNA with poly 
nucleotides leads to triple-helix formation; targeting RNA 
will lead to double-helix formation. AntiSense polynucle 
otides, when introduced into a target cell, Specifically bind 
to their target polynucleotide and interfere with transcrip 
tion, RNA processing, transport, translation and/or Stability. 
AntiSense RNA constructs, or DNA encoding Such antisense 
RNA's, may be employed to inhibit gene transcription or 
translation or both within a host cell, either in vitro or in 
Vivo, Such as within a host animal, including a human 
Subject. 
0092 Antisense constructs may be designed to bind to 
the promoter and other control regions, exons, introns or 
even exon-intron boundaries of a gene. It is contemplated 
that the most effective antisense constructs will include 
regions complementary to intron/exon Splice junctions. 
Thus, it is proposed that a preferred embodiment includes an 
antisense construct with complementarity to regions within 
50-200 bases of an intron-exon splice junction. It has been 
observed that Some exon Sequences can be included in the 
construct without Seriously affecting the target Selectivity 
thereof. The amount of exonic material included will vary 
depending on the particular exon and intron Sequences used. 
One can readily test whether too much exon DNA is 
included Simply by testing the constructs in vitro to deter 
mine whether normal cellular function is affected or whether 
the expression of related genes having complementary 
Sequences is affected. 
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0093. As stated above, “complementary' or “antisense” 
means polynucleotide Sequences that are Substantially 
complementary over their entire length and have very few 
base mismatches. For example, Sequences of fifteen bases in 
length may be termed complementary when they have 
complementary nucleotides at thirteen or fourteen positions. 
Naturally, Sequences which are completely complementary 
will be sequences which are entirely complementary 
throughout their entire length and have no base mismatches. 
Other Sequences with lower degrees of homology also are 
contemplated. For example, an antisense construct which 
has limited regions of high homology, but also contains a 
non-homologous region (e.g., ribozyme) could be designed. 
These molecules, though having less than 50% homology, 
would bind to target Sequences under appropriate condi 
tions. 

0094. It may be advantageous to combine portions of 
genomic DNA with cDNA or Synthetic Sequences to gener 
ate Specific constructs. For example, where an intron is 
desired in the ultimate construct, a genomic clone will need 
to be used. The cDNA or a synthesized polynucleotide may 
provide more convenient restriction sites for the remaining 
portion of the construct and, therefore, would be used for the 
rest of the Sequence. 
0.095 Ribozymes 
0.096 Although proteins traditionally have been used for 
catalysis of nucleic acids, another class of macromolecules 
has emerged as useful in this endeavor. Ribozymes are 
RNA-protein complexes that cleave nucleic acids in a site 
Specific fashion. Ribozymes have specific catalytic domains 
that possess endonuclease activity (Kim and Cech, 1987; 
Gerlach et al., 1987; Forster and Symons, 1987). For 
example, a large number of ribozymes accelerate phospho 
ester transfer reactions with a high degree of Specificity, 
often cleaving only one of Several phosphoesters in an 
oligonucleotide substrate (Cech et al., 1981; Michel and 
Westhof, 1990; Reinhold-Hurek and Shub, 1992). This 
Specificity has been attributed to the requirement that the 
Substrate bind via Specific base-pairing interactions to the 
internal guide sequence (“IGS") of the ribozyme prior to 
chemical reaction. 

0097 Ribozyme catalysis has primarily been observed as 
part of Sequence-specific cleavage/ligation reactions involv 
ing nucleic acids (Joyce, 1989; Cech et al., 1981). For 
example, U.S. Pat. No. 5,354,855 reports that certain 
ribozymes can act as endonucleases with a sequence Speci 
ficity greater than that of known ribonucleases and 
approaching that of the DNA restriction enzymes. Thus, 
Sequence-specific ribozyme-mediated inhibition of gene 
expression may be particularly Suited to therapeutic appli 
cations (Scanlon et al., 1991; Sarver et al., 1990). Recently, 
it was reported that ribozymes elicited genetic changes in 
Some cells lines to which they were applied; the altered 
genes included the oncogenes H-ras, c-foS and genes of HIV. 
Most of this work involved the modification of a target 
mRNA, based on a specific mutant codon that is cleaved by 
a specific ribozyme. 

0.098 Genetic Constructs and Their Delivery to Cells 
0099) 
0100. Within certain embodiments expression vectors are 
employed to express various genes to produce large amounts 

I. Genetic Constructs 
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of the MICA or MICB polypeptide product, which can then 
be purified and, for example, be used to vaccinate animals to 
generate antisera or monoclonal antibody with which further 
Studies may be conducted. Expression requires that appro 
priate Signals be provided in the vectors, and which include 
various regulatory elements, Such as enhancers/promoters 
from both Viral and mammalian Sources that drive expres 
Sion of the genes of interest in host cells. Elements designed 
to optimize messenger RNA Stability and translatability in 
host cells also are defined. The conditions for the use of a 
number of dominant drug Selection markers for establishing 
permanent, Stable cell clones expressing the MICA and 
MICB products are also provided, as is an element that links 
expression of the drug Selection markers to expression of the 
polypeptide. 

0101 (i) Regulatory Elements 
0102) Throughout this application, the term “expression 
construct” is meant to include any type of genetic construct 
containing a nucleic acid coding for a gene product in which 
part or all of the nucleic acid encoding Sequence is capable 
of being transcribed. The transcript may be translated into a 
protein, but it need not be. In certain embodiments, expres 
Sion includes both transcription of a gene and translation of 
mRNA into a gene product. In other embodiments, expres 
Sion only includes transcription of the nucleic acid encoding 
a gene of interest. 
0103) In preferred embodiments, the nucleic acid encod 
ing a gene product is under transcriptional control of a 
promoter. A "promoter” refers to a DNA sequence recog 
nized by the Synthetic machinery of the cell, or introduced 
Synthetic machinery, required to initiate the Specific tran 
Scription of a gene. The phrase “under transcriptional con 
trol’ means that the promoter is in the correct location and 
orientation in relation to the nucleic acid to control RNA 
polymerase initiation and expression of the gene. 
0104. The term promoter refers to a group of transcrip 
tional control modules that are clustered around the initia 
tion site for RNA polymerase II. Much of the thinking about 
how promoters are organized derives from analyses of 
several viral promoters, including those for the HSV thy 
midine kinase (tk) and SV40 early transcription units. These 
Studies, augmented by more recent work, have shown that 
promoters are composed of discrete functional modules, 
each consisting of approximately 7-20 bp of DNA, and 
containing one or more recognition Sites for transcriptional 
activator or repressor proteins. 

0105. At least one module in each promoter functions to 
position the start site for RNA synthesis. The best known 
example of this is the TATA box, but in some promoters 
lacking a TATA box, Such as the promoter for the mamma 
lian terminal deoxynucleotidyl transferase gene and the 
promoter for the SV40 late genes, a discrete element over 
lying the Start Site itself helps to fix the place of initiation. 
0106 Additional promoter elements regulate the fre 
quency of transcriptional initiation. Typically, these are 
located in the region 30-110 bp upstream of the start site, 
although a number of promoters have recently been shown 
to contain functional elements downstream of the Start Site 
as well. The Spacing between promoter elements frequently 
is flexible, So that promoter function is preserved when 
elements are inverted or moved relative to one another. In 
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the tk promoter, the Spacing between promoter elements can 
be increased to 50 bp apart before activity begins to decline. 
Depending on the promoter, it appears that individual ele 
ments can function either cooperatively or independently to 
activate transcription. 
0107 The particular promoter employed to control the 
expression of a nucleic acid Sequence of interest is not 
believed to be important, So long as it is capable of directing 
the expression of the nucleic acid in the targeted cell. Thus, 
where a human cell is targeted, it is preferable to position the 
nucleic acid coding region adjacent to and under the control 
of a promoter that is capable of being expressed in a human 
cell. Generally Speaking, Such a promoter might include 
either a human or viral promoter. 
0108. In various embodiments, the human cytomegalovi 
rus (CMV) immediate early gene promoter, the SV40 early 
promoter, the Rous Sarcoma virus long terminal repeat, rat 
insulin promoter and glyceraldehyde-3-phosphate dehydro 
genase can be used to obtain high-level expression of the 
coding Sequence of interest. The use of other viral or 
mammalian cellular or bacterial phage promoters which are 
well-known in the art to achieve expression of a coding 
Sequence of interest is contemplated as well, provided that 
the levels of expression are Sufficient for a given purpose. 
0109. By employing a promoter with well-known prop 
erties, the level and pattern of expression of the protein of 
interest following transfection or transformation can be 
optimized. Further, Selection of a promoter that is regulated 
in response to Specific physiologic Signals can permit induc 
ible expression of the gene product. Table 2 lists Several 
inducible elements/promoters which may be employed, in 
the context of the present invention, to regulate the expres 
sion of the gene of interest. This list is not intended to be 
exhaustive of all the possible elements involved in the 
promotion of gene expression but, merely, to be exemplary 
thereof. 

0110) Enhancers are genetic elements that increase tran 
Scription from a promoter located at a distant position on the 
Same molecule of DNA. Enhancers are organized much like 
promoters. That is, they are composed of many individual 
elements, each of which binds to one or more transcriptional 
proteins. 

0111. The basic distinction between enhancers and pro 
moters is operational. An enhancer region as a whole must 
be able to Stimulate transcription at a distance; this need not 
be true of a promoter region or its component elements. On 
the other hand, a promoter must have one or more elements 
that direct initiation of RNA synthesis at a particular site and 
in a particular orientation, whereas enhancers lack these 
Specificities. Promoters and enhancers are often overlapping 
and contiguous, often Seeming to have a very similar modu 
lar organization. 

0112 Below is a list of viral promoters, cellular promot 
erS/enhancers and inducible promoters/enhancers that could 
be used in combination with the nucleic acid encoding a 
gene of interest in an expression construct. Additionally, any 
promoter/enhancer combination (as per the Eukaryotic Pro 
moter Data Base EPDB) could also be used to drive expres 
Sion of the gene. Eukaryotic cells can Support cytoplasmic 
transcription from certain bacterial promoters if the appro 
priate bacterial polymerase is provided, either as part of the 
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delivery complex or as an additional genetic expression 
construct. Enhancer/promoter elements contemplated for 
use with the present invention include but are not limited to 
Immunoglobulin Heavy Chain, Immunoglobulin Light, 
Chain T-Cell Receptor, HLA DQ C. and DQ f, B-Interferon, 
Interleukin-2, Interleukin-2 Receptor, MHC Class II 5, 
MHC Class II HLA-DRC, B-Actin, Muscle Creatine Kinase, 
Prealbumin (Transthyretin), Elastase I, Metallothionein, 
Collagenase, Albumin Gene, C.-Fetoprotein, T-Globin, 
B-Globin, e-fos, c-HA-ras, Insulin, Neural Cell Adhesion 
Molecule (NCAM), C.1-Antitrypsin, H2B (TH2B) Histone, 
Mouse or Type I Collagen, Glucose-Regulated Proteins 
(GRP94 and GRP78), Rat Growth Hormone, Human Serum 
Amyloid A (SAA), Troponin I (TN I), Platelet-Derived 
Growth Factor, Duchenne Muscular-Dystrophy, SV40, 
Polyoma, Retroviruses, Papilloma Virus, Hepatitis B Virus, 
Human Immunodeficiency Virus, Cytomegalovirus, Gibbon 
Ape Leukemia Virus. Inducible promoter elements and their 
associated inducers are listed in Table 2 below. 

TABLE 2 

Element Inducer 

MT II Phorbol Ester (TPA), Heavy metals 
MMTV (mouse mammary Glucocorticoids 
tumor virus) 
B-Interferon poly(rI)X, poly(rc) 
Adenovirus 5 E2 Ela 
c-jun Phorbol Ester (TPA), H.O., 
Collagenase Phorbol Ester (TPA) 
Stromelysin Phorbol Ester (TPA), IL-1 
SV40 Phorbol Ester (TPA) 
Murine MX Gene Interferon, Newcastle Disease Virus 
GRP78 Gene A231.87 
C-2-Macroglobulin IL-6 
Vimentin Serum 
MHC Class I Gene H-2kB Interferon 
HSP70 Ela, SV40 Large T Antigen 
Proliferin Phorbol Ester-TPA 
Tumor Necrosis Factor FMA 
Thyroid Stimulating 
Hormone C. Gene 
Insulin E Box 

Thyroid Hormone 

Glucose 

0113. In certain embodiments of the invention, the 
expression construct comprises a virus or engineered con 
struct derived from a viral genome. The ability of certain 
Viruses to enter cells via receptor-mediated endocytosis, to 
integrate into host cell genome and express viral genes 
Stably and efficiently have made them attractive candidates 
for the transfer of foreign genes into mammalian cells 
(Ridgeway, 1988; Nicolas and Rubenstein, 1988; Baichwal 
and Sugden, 1986; Temin, 1986). The first viruses used as 
gene vectors were DNA viruses including the papovaviruses 
(simian virus 40, bovine papilloma virus, and polyoma) 
(Ridgeway, 1988; Baichwal and Sugden, 1986) and aden 
oviruses (Ridgeway, 1988; Baichwal and Sugden, 1986). 
Adeno-associated viruses are also useful in this context 
(Ridgeway, 1988; Baichwal and Sugden, 1986; Hermonat 
and Muzycska, 1984). These have a relatively low capacity 
for foreign DNA sequences and have a restricted host 
Spectrum. Furthermore, their oncogenic potential and cyto 
pathic effects in permissive cells raise Safety concerns. They 
can accommodate only up to 8 kB of foreign genetic 
material but can be readily introduced in a variety of cell 
lines and laboratory animals (Nicolas and Rubenstein, 1988; 
Temin, 1986). 
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0114. Where a cDNA insert is employed, one will typi 
cally desire to include a polyadenylation Signal to effect 
proper polyadenylation of the gene transcript. The nature of 
the polyadenylation Signal is not believed to be crucial to the 
Successful practice of the invention, and any Such Sequence 
may be employed such as human growth hormone and SV40 
polyadenylation Signals. Also contemplated as an element of 
the expression cassette is a terminator. These elements can 
Serve to enhance message levels and to minimize read 
through from the cassette into other Sequences. 

0115 (ii) Selectable Markers 

0116. In certain embodiments of the invention, the cells 
contain nucleic acid constructs of the present invention, a 
cell may be identified in vitro or in vivo by including a 
marker in the expression construct. Such markers would 
confer an identifiable change to the cell permitting easy 
identification of cells containing the expression construct 
Usually the inclusion of a drug Selection marker aids in 
cloning and in the Selection of transformants, for example, 
genes that confer resistance to neomycin, puromycin, hygro 
mycin, DHFR, GPT, Zeocin and histidinol are useful select 
able markers. Alternatively, enzymes Such as herpes simplex 
virus thymidine kinase (tk) or chloramphenicol acetyltrans 
ferase (CAT) may be employed. Immunologic markers also 
can be employed. The Selectable marker employed is not 
believed to be important, So long as it is capable of being 
expressed simultaneously with the nucleic acid encoding a 
gene product. Further examples of selectable markers are 
well known to one of skill in the art. 

0117 (iii) Multigene constructs and IRES 

0118. In certain embodiments of the invention, the use of 
internal ribosome binding sites (IRES) elements are used to 
create multigene, or polycistronic, messages. IRES elements 
are able to bypass the ribosome Scanning model of 5' 
methylated Cap dependent translation and begin translation 
at internal sites (Pelletier and Sonenberg, 1988). IRES 
elements from two members of the picanovirus family (polio 
and encephalomyocarditis) have been described (Pelletier 
and Sonenberg, 1988), as well an IRES from a mammalian 
message (Macejak and Sarnow, 1991). IRES elements can 
be linked to heterologous open reading frames. Multiple 
open reading frames can be transcribed together, each Sepa 
rated by an IRES, creating polycistronic messages. By virtue 
of the IRES element, each open reading frame is accessible 
to ribosomes for efficient translation. Multiple genes can be 
efficiently expressed using a single promoter/enhancer to 
transcribe a single message. 

0119) Any heterologous open reading frame can be linked 
to IRES elements. This includes genes for Secreted proteins, 
multi-Subunit proteins, encoded by independent genes, intra 
cellular or membrane-bound proteins and Selectable mark 
erS. In this way, expression of Several proteins can be 
Simultaneously engineered into a cell with a single construct 
and a single Selectable marker. 

0120 II. Delivery of Genetic Constructs 

0121 There are a number of ways in which nucleic acids 
may introduced into cells. Several methods, including viral 
and non-viral transduction methods, are outlined below. 
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0122 (i) Adenovirus 
0123. One of the preferred methods for in vivo delivery 
involves the use of an adenovirus expression vector. "Aden 
Ovirus expression vector” is meant to include those con 
Structs containing adenovirus Sequences Sufficient to (a) 
Support packaging of the construct and (b) to express an 
antisense polynucleotide that has been cloned therein. In this 
context, expression does not require that the gene product be 
Synthesized. 
0.124. The expression vector comprises a genetically 
engineered form of adenovirus. Knowledge of the genetic 
organization of adenovirus, a 36 kB, linear, double-Stranded 
DNA virus, allows substitution of large pieces of adenoviral 
DNA with foreign sequences up to 7 kB (Grunhaus and 
Horwitz, 1992). In contrast to retrovirus, the adenoviral 
infection of host cells does not result in chromosomal 
integration because adenoviral DNA can replicate in an 
episomal manner without potential genotoxicity. Also, aden 
Oviruses are Structurally stable, and no genome rearrange 
ment-has been detected after extensive amplification. Aden 
Ovirus can infect Virtually all epithelial cells regardless of 
their cell cycle Stage. So far, adenoviral infection appears to 
be linked only to mild disease Such as acute respiratory 
disease in humans. 

0.125. In a current system, recombinant adenovirus is 
generated from homologous recombination between Shuttle 
vector and provirus vector. Due to the possible recombina 
tion between two proviral vectors, wild-type adenovirus 
may be generated from this process. Therefore, it is critical 
to isolate a single clone of virus from an individual plaque 
and examine its genomic structure. 
0.126 Generation and propagation of the current aden 
Ovirus vectors, which are replication deficient, depend on a 
unique helper cell line, designated 293, which was trans 
formed from human embryonic kidney cells by AdS DNA 
fragments and constitutively expresses E1 proteins (Graham 
et al., 1977). Since the E3 region is dispensable from the 
adenovirus genome (Jones and Shenk, 1978), the current 
adenovirus vectors, with the help of 293 cells, carry foreign 
DNA in either the E1, the D3 or both regions (Graham and 
Prevec, 1991). In nature, adenovirus can package approxi 
mately 105% of the wild-type genome (Ghosh-Choudhury et 
al., 1987), providing capacity for about 2 extra Kb of DNA. 
Combined with the approximately 5.5 Kb of DNA that is 
replaceable in the E1 and E3 regions, the maximum capacity 
of the current adenovirus vector is under 7.5 Kb, or about 
15% of the total length of the vector. More than 80% of the 
adenovirus viral genome remains in the Vector backbone and 
is the Source of Vector-borne cytotoxicity. Also, the replica 
tion deficiency of the E1-deleted virus is incomplete. For 
example, leakage of viral gene expression has been observed 
with the currently available vectors at high multiplicities of 
infection (MOI) (Mulligan, 1993). 
0127 Helper cell lines may be derived from human cells 
Such as human embryonic kidney cells, muscle cells, 
hematopoietic cells or other human embryonic mesenchy 
mal or epithelial cells. Alternatively, the helper cells may be 
derived from the cells of other mammalian Species that are 
permissive for human adenovirus. Such cells include, e.g., 
Vero cells or other monkey embryonic mesenchymal or 
epithelial cells. AS Stated above, the preferred helper cell line 
is 293. 
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0128. Other than the requirement that the adenovirus 
vector be replication defective, or at least conditionally 
defective, the nature of the adenovirus vector is not believed 
to be crucial to the Successful practice of the invention. The 
adenovirus may be of any of the 42 different known sero 
types or Subgroups A-F. Adenovirus type 5 of Subgroup C is 
the preferred Starting material in order to obtain the condi 
tional replication-defective adenovirus vector for use in the 
present invention. This is because Adenovirus type 5 is a 
human adenovirus about which a great deal of biochemical 
and genetic information is known, and it has historically 
been used for most constructions employing adenovirus as a 
VectOr. 

0129. As stated above, the typical vector according to the 
present invention is replication defective and will not have 
an adenovirus E1 region. Thus, it will be most convenient to 
introduce the polynucleotide encoding the gene of interest at 
the position from which the E1-coding Sequences have been 
removed. However, the position of insertion of the construct 
within the adenovirus Sequences is not critical to the inven 
tion. The polynucleotide encoding the gene of interest may 
also be inserted in lieu of the deleted E3 region in E3 
replacement vectors as described by Karlsson et al., (1986) 
or in the E4 region where a helper cell line or helper virus 
complements the E4 defect. 
0130 Adenovirus is easy to grow and manipulate and 
exhibits broad host range in vitro and in vivo. This group of 
viruses can be obtained in high titers, e.g., 10°-10' plaque 
forming units per ml, and they are highly infective. The life 
cycle of adenovirus does not require integration into the host 
cell genome. The foreign genes delivered by adenovirus 
vectors are episomal and, therefore, have low genotoxicity 
to host cells. No side effects have been reported in studies of 
vaccination with wild-type adenovirus (Couch et al., 1963; 
Top et al., 1971), demonstrating their safety and therapeutic 
potential as in Vivo gene transfer vectors. 
0131) Adenovirus vectors have been used in eukaryotic 
gene expression (LeVrero et al., 1991, Gomez-Foix et al., 
1992) and vaccine development (Grnmhaus and Horwitz, 
1992; Graham and Prevec, 1992). Recently, animal studies 
Suggested that recombinant adenovirus could be used for 
gene therapy (Stratford-Pernicaudet and Perricaudet, 1991; 
Stratford-Perricaudet et al., 1990; Rich et al., 1993). Studies 
in administering recombinant adenovirus to different tissues 
include trachea instillation (Rosenfeld et al., 1991; Rosen 
feld et al., 1992), muscle injection (Ragot et al., 1993), 
peripheral intravenous injections (Herz and Gerard, 1993) 
and Stereotactic inoculation into the brain (Le Gal La Salle 
et al., 1993). 
0132) (ii) Retroviruses 
0133. The retroviruses are a group of single-stranded 
RNA viruses characterized by an ability to convert their 
RNA to double-stranded DNA in infected cells by a process 
of reverse-transcription (Coffin, 1990). The resulting DNA 
then Stably integrates into cellular chromosomes as a provi 
ruS and directs Synthesis of Viral proteins. The integration 
results in the retention of the viral gene Sequences in the 
recipient cell and its descendants. The retroviral genome 
contains three genes, gag, pol, and env that code for capsid 
proteins, polymerase enzyme, and envelope components, 
respectively. A sequence found upstream from the gag gene 
contains a signal for packaging of the genome into Virions. 
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Two long terminal repeat (LTR) sequences are present at the 
5' and 3' ends of the viral genome. These contain Strong 
promoter and enhancer Sequences and are also required for 
integration in the host cell genome (Coffin, 1990). 
0.134. In order to construct a retroviral vector, a nucleic 
acid encoding a gene of interest is inserted into the viral 
genome in the place of certain Viral Sequences to produce a 
Virus that is replication-defective. In order to produce viri 
ons, a packaging cell line containing the gag, pol, and env 
genes but without the LTR and packaging components is 
constructed (Mann et al., 1983). When a recombinant plas 
mid containing a cDNA, together with the retroviral LTR 
and packaging sequences is introduced into this cell line (by 
calciun phosphate precipitation for example), the packaging 
sequence allows the RNA transcript of the recombinant 
plasmid to be packaged into viral particles, which are then 
Secreted into the culture media (Nicolas and Rubenstein, 
1988; Temin, 1986; Mann et al., 1983). The media contain 
ing the recombinant retroviruses is then collected, optionally 
concentrated, and used for gene transfer. Retroviral vectors 
are able to infect a broad variety of cell types. However, 
integration and Stable expression require the division of host 
cells (Paskind et al., 1975). 
0.135 A novel approach designed to allow specific tar 
geting of retrovirus vectors was recently developed based on 
the chemical modification of a retrovirus by the chemical 
addition of lactose residues to the viral envelope. This 
modification could permit the Specific infection of hepato 
cytes via Sialoglycoprotein receptors. 

0.136 A different approach to targeting of recombinant 
retroviruses was designed in which biotinylated antibodies 
against a retroviral envelope protein and against a specific 
cell receptor were used. The antibodies were coupled via the 
biotin components by using streptavidin (Roux et al., 1989). 
Using antibodies against major histocompatibility complex 
class I and class II antigens, they demonstrated the infection 
of a variety of human cells that bore those Surface antigens 
with an ecotropic virus in vitro (Roux et al., 1989). 
0137 (iii) Adeno-Associated Virus (AAV) 
0.138 AAV utilizes a linear, single-stranded DNA of 
about 4700 base pairs. Inverted terminal repeats flank the 
genome. Two genes are present within the genome, giving 
rise to a number of distinct gene products. The first, the cap 
gene, produces three different virion proteins (VP), desig 
nated VP-1, VP-2 and VP-3. The second, the rep gene, 
encodes four non-structural proteins (NS). One or more of 
these rep gene products is responsible for transactivating 
AAV transcription. 
0.139. The three promoters in AAV are designated by their 
location, in map units, in the genome. These are, from left 
to right, p5, p19 and p40. Transcription gives rise to Six 
transcripts, two initiated at each of three promoters, with one 
of each pair being Spliced. The Splice Site, derived from map 
units 42-46, is the same for each transcript. The four 
non-structural proteins apparently are derived from the 
longer of the transcripts, and three virion proteins all arise 
from the Smallest transcript. 
0140 AAV is not associated with any pathologic state in 
humans. Interestingly, for efficient replication, AAV requires 
“helping functions from Viruses Such as herpes simplex 
Virus I and II, cytomegalovirus, pseudorabies virus and, of 
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course, adenovirus. The best characterized of the helperS is 
adenovirus, and many “early” functions for this virus have 
been shown to assist with AAV replication. Low level 
expression of AAV rep proteins is believed to hold AAV 
Structural expression in check, and helper virus infection is 
thought to remove this block. 

0.141. The terminal repeats of the AAV vector can be 
obtained by restriction endonuclease digestion of AAV or a 
plasmid such as p201, which contains a modified AAV 
genome (Samulski et al. 1987), or by other methods known 
to the skilled artisan, including but not limited to chemical 
or enzymatic Synthesis of the terminal repeats based upon 
the published sequence of AAV. The ordinarily skilled 
artisan can determine, by well-known methods Such as 
deletion analysis, the minimum Sequence or part of the AAV 
ITRs which is required to allow function, i.e., stable and 
Site-specific integration. The ordinarily skilled artisan also 
can determine which minor modifications of the Sequence 
can be tolerated while maintaining the ability of the terminal 
repeats to direct Stable, Site-specific integration. 

0142 AAV-based vectors have proven to be safe and 
effective vehicles for gene delivery in Vitro, and these 
vectors are being developed and tested in pre-clinical and 
clinical Stages for a wide range of applications in potential 
gene therapy, both ex vivo and in Vivo (Carter and Flotte, 
1996; Chatterjee et al., 1995; Ferrari et al., 1996; Fisher et 
al., 1996; Flotte et al., 1993; Goodman et al., 1994; Kaplitt 
et al., 1994; 1996, Kessler et al., 1996; Koeberl et al., 1997; 
Mizukami et al., 1996; Xiao et al., 1996). 
0143 AAV-mediated efficient gene transfer and expres 
Sion in the lung has led to clinical trials for the treatment of 
cystic fibrosis (Carter and Flotte, 1996; Flotte et al., 1993). 
Similarly, the prospects for treatment of muscular dystrophy 
by AAV-mediated gene delivery of the dystrophin gene to 
skeletal muscle, of Parkinson's disease by tyrosine hydroxy 
lase gene delivery to the brain, of hemophilia B by Factor IX 
gene delivery to the liver, and potentially of myocardial 
infarction by vascular endothelial growth factor gene to the 
heart, appear promising Since AAV-mediated transgene 
expression in these organs has recently been shown to be 
highly efficient (Fisher et al., 1996; Flotte et al., 1993; 
Kaplitt et al., 1994; 1996; Koeberlet al., 1997; McCown et 
al., 1996; Ping et al., 1996; Xiao et al., 1996). 
0144 (iv) Other Viral Vectors as Expression Constructs 
0.145) Other viral vectors may be employed as expression 
constructs in the present invention. Vectors derived from 
viruses such as vaccinia virus (Ridgeway, 1988; Baichwal 
and Sugden, 1986; Coupar et al., 1988) and herpes viruses 
may be employed. They offer several attractive features for 
various mammalian cells (Friedmann, 1989; Ridgeway, 
1988; Baichwal and Sugden, 1986; Coupar et al., 1988; 
Horwich et al., 1990). 
0146 In vitro studies of hepatitis B viruses showed the 
Virus retained the ability for helper-dependent packaging 
and reverse transcription despite the deletion of up to 80% 
of its genome (Horwich et al., 1990), Suggesting that large 
portions of the genome could be replaced with foreign 
genetic material. The hepatotropism and persistence (inte 
gration) are particularly attractive properties for liver-di 
rected gene transfer. Chang et al., recently introduced the 
chloramphenicol acetyltransferase (CAT) gene into duck 
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hepatitis B virus genome in the place of the polymerase, 
Surface, and pre-Surface coding Sequences. It was co-trans 
fected with wild-type virus into an avian hepatoma cell line. 
Culture media containing high titers of the recombinant 
Virus were used to infect primary duckling hepatocytes. 
Stable CAT gene expression was detected for at least 24 days 
after transfection (Chang et al., 1991). 
0147 (v) Non-Viral Vectors 
0.148. Several non-viral methods for the transfer of 
expression constructs into cultured mammalian cells are 
contemplated by the present invention. These include cal 
cium phosphate precipitation (Graham and Van Der Eb, 
1973; Chen and Okayama, 1987; Rippe et al., 1990) DEAE 
dextran (Gopal, 1985), electroporation (Tur-Kaspa et al., 
1986; Potter et al., 1984), direct microinjection (Harland and 
Weintraub, 1985), DNA-loaded liposomes (Nicolau and 
Sene, 1982; Fraley et al., 1979) and lipofectamine-DNA 
complexes, cell Sonication (Fechheimer et al., 1987), gene 
bombardment using high Velocity microprojectiles (Yang et 
al., 1990), and receptor-mediated transfection (Wu and Wu, 
1987; Wu and Wu, 1988). Some of these techniques may be 
Successfully adapted for in Vivo or eX Vivo use. 
0149 Once the expression construct has been delivered 
into the cell the nucleic acid encoding the gene of interest 
may be positioned and expressed at different Sites. In certain 
embodiments, the nucleic acid encoding the gene may be 
Stably integrated into the genome of the cell. This integration 
may be in the cognate location and orientation via homolo 
gous recombination (gene replacement) or it may be inte 
grated in a random, non-specific location (gene augmenta 
tion). In yet further embodiments, the nucleic acid may be 
Stably maintained in the cell as a separate, episomal Segment 
of DNA. Such nucleic acid segments or “episomes' encode 
Sequences Sufficient to permit maintenance and replication 
independent of or in Synchronization with the host cell cycle. 
How the expression construct is delivered to a cell and 
where in the cell the nucleic acid remains is dependent on 
the type of expression construct employed. 

0150. In one embodiment of the invention, the expression 
construct may simply consist of naked recombinant DNA or 
plasmids. Transfer of the construct may be performed by any 
of the methods mentioned above which physically or chemi 
cally permeabilize the cell membrane. This is particularly 
applicable for transfer in Vitro but it may be applied to in 
vivo use as well. Dubensky et al., (1984) successfully 
injected polyomavirus DNA in the form of calcium phos 
phate precipitates into liver and Spleen of adult and newborn 
mice demonstrating active viral replication and acute infec 
tion. Benvenisty and Neshif (1986) also demonstrated that 
direct intraperitoneal injection of calcium phosphate-pre 
cipitated plasmids results in expression of the transfected 
genes. It is envisioned that DNA encoding a gene of interest 
may also be transferred in a Similar manner in Vivo and 
express the gene product. 

0151. Another embodiment of the invention for transfer 
ring naked DNA expression constructs into cells may 
involve particle bombardment. This method depends on the 
ability to accelerate DNA-coated microprojectiles to a high 
Velocity allowing them to pierce cell membranes and enter 
cells without killing them (Klein et al., 1987). Several 
devices for accelerating Small particles have been devel 
oped. One Such device relies on a high Voltage discharge to 
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generate an electrical current, which in turn provides the 
motive force (Yang et al., 1990). The microprojectiles used 
have consisted of biologically inert Substances Such as 
tungsten or gold beads. 

0152 Selected organs including the liver, skin,- and 
muscle tissue of rats and mice have been bombarded in vivo 
(Yang et al., 1990; Zelenin et al., 1991). This may require 
Surgical exposure of the tissue or cells, to eliminate any 
intervening tissue between the gun and the target organ, i.e., 
eX Vivo treatment. Again, DNA encoding a particular gene 
may be delivered via this method and still be incorporated by 
the present invention. 

0153. In a further embodiment of the invention, the 
expression construct may be entrapped in a liposome. Lipo 
Somes are vesicular structures characterized by a phospho 
lipid bilayer membrane and an inner aqueous medium. 
Multilamellar liposomes have multiple lipid layerS Separated 
by aqueous medium. They form Spontaneously when phoS 
pholipids are Suspended in an excess of aqueous Solution. 
The lipid components undergo Self-rearrangement before the 
formation of closed Structures and entrap water and dis 
solved solutes between the lipid bilayers (Ghosh and Bach 
hawat, 1991). Also contemplated are lipofectamine-DNA 
complexes. 

0154) Liposome-mediated nucleic acid delivery and 
expression of foreign DNA in vitro has been very successful. 
Wong et al., (1980) demonstrated the feasibility of lipo 
Some-mediated delivery and expression of foreign DNA in 
cultured chick embryo, HeLa and hepatoma cells. Nicolau et 
al., (1987) accomplished Successful liposome-mediated 
gene transfer in rats after intravenous injection. 
O155 In certain embodiments of the invention, the lipo 
Some may be complexed with a hemagglutinating virus 
(HVJ). This has been shown to facilitate fusion with the cell 
membrane and promote cell entry of liposome-encapsulated 
DNA (Kaneda et al., 1989). In other embodiments, the 
lipoSome may be complexed or employed in conjunction 
with nuclear non-histone chromosomal proteins (HMG-1) 
(Kato et al., 1991). In yet further embodiments, the liposome 
may be complexed or employed in conjunction with both 
HVJ and HMG-1. In that such expression constructs have 
been Successfully employed in transfer and expression of 
nucleic acid in Vitro and in Vivo, then they are applicable for 
the present invention. Where a bacterial promoter is 
employed in the DNA construct, it also will be desirable to 
include within the liposome an appropriate bacterial poly 
CSC. 

0156. Other expression constructs which can be 
employed to deliver a nucleic acid encoding a particular 
gene into cells are receptor-mediated delivery vehicles. 
These take advantage of the Selective uptake of macromol 
ecules by receptor-mediated endocytosis in almost all 
eukaryotic cells. Because of the cell type-specific distribu 
tion of various receptors, the delivery can be highly specific 
(Wu and Wu, 1993). 
O157 Receptor-mediated gene targeting vehicles gener 
ally consist of two components: a cell receptor-specific 
ligand and a DNA-binding agent. Several ligands have been 
used for receptor-mediated gene transfer. The most exten 
Sively characterized ligands are asialoorosomucoid (ASOR) 
(Wu and Wu, 1987) and transferrin (Wagner et al., 1990). 

Sep. 4, 2003 

Recently, a Synthetic neoglycoprotein, which recognizes the 
Same receptor as ASOR, has been used as a gene delivery 
vehicle (Ferkol et al., 1993; Perales et al., 1994) and 
epidermal growth factor (EGF) has also been used to deliver 
genes to squamous carcinoma cells (Myers, EPO 0273085). 
0158. In other embodiments, the delivery vehicle may 
comprise a ligand and a liposome. For example, Nicolau et 
al., (1987) employed lactosyl-ceramide, a galactose-termi 
nal asialganglioside, incorporated into liposomes and 
observed an increase in the uptake of the insulin gene by 
hepatocytes. Thus, it is feasible that a nucleic acid encoding 
a particular gene also may be specifically delivered into a 
cell type Such as lung, epithelial or tumor cells, by any 
number of receptor-ligand Systems with or without lipo 
Somes. For example, epidermal growth factor (EGF) may be 
used as the receptor for mediated delivery of a nucleic acid 
encoding a gene in many tumor cells that exhibit upregula 
tion of EGF receptor. Mannose can be used to target the 
mannose receptor on liver cells. Also, antibodies to CDS 
(CLL), CD22 (lymphoma), CD25 (T-cell leukemia) and 
MAA (melanoma) can similarly be used as targeting moi 
eties. 

0159. In certain embodiments, gene transfer may more 
easily be performed under eX Vivo conditions. EX Vivo gene 
therapy refers to the isolation of cells from an animal, the 
delivery of a nucleic acid into the cells in vitro, and then the 
return of the modified cells back into an animal. This may 
involve the Surgical removal of tissue/organs from an animal 
or the primary culture of cells and tissues. 
0160 Primary mammalian cell cultures may be prepared 
in various ways. In order for the cells to be kept viable while 
in Vitro and in contact with the expression construct, it is 
necessary to ensure that the cells maintain contact with the 
correct ratio of oxygen and carbon dioxide and nutrients but 
are protected from microbial contamination. Cell culture 
techniques are well documented and are disclosed herein by 
reference (Freshner, 1992). 
0.161. One embodiment of the foregoing involves the use 
of gene transfer to immortalize cells for the production of 
proteins. The gene for the protein of interest may be trans 
ferred as described above into appropriate host cells fol 
lowed by culture of cells under the appropriate conditions. 
The gene for virally any polypeptide may be employed in 
this manner. The generation of recombinant expression 
vectors, and the elements included therein, are discussed 
above. Alternatively, the protein to be produced may be an 
endogenous protein normally Synthesized by the cell in 
question. 

0162 Examples of useful mammalian host cell lines are 
Vero and HeLa cells and cell lines of Chinese hamster ovary, 
W138, BHK, COS-7, 293, HepG2, NIH3T3, RIN and 
MDCK cells. In addition, a host cell strain may be chosen 
that modulates the expression of the inserted Sequences, or 
modifies and process the gene product in the manner desired. 
Such modifications (e.g., glycosylation) and processing 
(e.g., cleavage) of protein products may be important for the 
function of the protein. Different host cells have character 
istic and Specific mechanisms for the post-translational 
processing and modification of proteins. Appropriate cell 
lines or host Systems can be chosen to insure the correct 
modification and processing of the foreign protein 
expressed. 
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0163 Animal cells can be propagated in vitro in two 
modes: as non-anchorage dependent cells growing in SuS 
pension throughout the bulk of the culture or as anchorage 
dependent cells requiring attachment to a Solid Substrate for 
their propagation (i.e., a monolayer type of cell growth). 
0164. Non-anchorage dependent or Suspension cultures 
from continuous established cell lines are the most widely 
used means of large Scale production of cells and cell 
products. However, Suspension cultured cells have limita 
tions, Such as tumorigenic potential and lower protein pro 
duction than adherent T-cells. 

0.165 Large Scale Suspension culture of mammalian cells 
in Stirred tanks is a common method for production of 
recombinant proteins. Two Suspension culture reactor 
designs are in wide use-the Stirred reactor and the airlift 
reactor. The Stirred design has Successfully been used on an 
8000 liter capacity for the production of interferon. Cells are 
grown in a stainleSS Steel tank with a height-to-diameter 
ratio of 1:1 to 3:1. The culture is usually mixed with one or 
more agitators, based on bladed disks or marine propeller 
patterns. Agitator Systems offering leSS Shear forces than 
blades have been described. Agitation may be driven either 
directly or indirectly by magnetically coupled drives. Indi 
rect drives reduce the risk of microbial contamination 
through Seals on Stirrer shafts. 

0166 The airlift reactor, also initially described for 
microbial fermentation and later adapted for mammalian 
culture, relies on a gas Stream to both mix and oxygenate the 
culture. The gas stream enters a riser Section of the reactor 
and drives circulation. Gas disengages at the culture Surface, 
causing denser liquid free of gas bubbles to travel downward 
in the downcomer Section of the reactor. The main advantage 
of this design is the Simplicity and lack of need for mechani 
cal mixing. Typically, the height-to diameter ratio is 10:1. 
The airlift reactor Scales up relatively easily, has good mass 
transfer of gases and generates relatively low shear forces. 
0167 Transgenic Animals 
0.168. In one embodiment of the invention, transgenic 
animals are produced which contain a functional transgene 
encoding a functional MICA or MICB polypeptide or vari 
ants thereof. Transgenic animals expressing MICA or MICB 
transgenes, recombinant cell lines derived from Such ani 
mals and transgenic embryoS may be useful in methods for 
Screening for and identifying agents that induce or repress 
expression of the transgene or which interfere with the 
function performed by MICA or MICB. Agents that cause 
cell stress will cause the expression of the MICA or MICB 
transgene. Thus transgenic animals, embryos and cell lines 
of the invention can also be used in toxicity Screens as 
indicators of cell StreSS. Transgenic animals of the invention 
can also be used as models for Studying indications Such as 
graft-VerSuS host disease and colon cancers. 

0169. In one embodiment of the invention, a human 
MICA or MICB transgene is introduced into a non-human 
host to produce a transgenic animal expressing a human 
MICA or MICB gene. Within a preferred embodiment, the 
non-human host does not normally contain a MICA or 
MICB gene. The transgenic animal is produced by the 
integration of the human MICA or MICB transgene into the 
genome in a manner that permits the expression of the 
transgene. Methods for producing transgenic animals are 
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generally described by Wagner and Hoppe (U.S. Pat. No. 
4,873,191; which is incorporated herein by reference), Brin 
ster et al., 1985 (which is incorporated herein by reference 
in its entirety) and in “Manipulating the Mouse Embryo; A 
Laboratory Manual 2nd edition (eds., Hogan, Beddington, 
Costantimi and Long, Cold Spring Harbor Laboratory Press, 
1994, which is incorporated herein by reference in its 
entirety). It may be desirable to replace the endogenous 
MICA or MICB by homologous recombination between the 
transgene and the endogenous gene or the endogenous gene 
may be eliminated by deletion as in the preparation of 
“knock-out' animals. Typically, a MICA or MICB gene 
flanked by genomic Sequences is transferred by microinjec 
tion into a fertilized egg. The microinjected eggs are 
implanted into a host female, and the progeny are Screened 
for the expression of the transgene. Transgenic animals may 
be produced from the fertilized eggs from a number of 
animals including, but not limited to reptiles, amphibians, 
birds, mammals, and fish. Within a particularly preferred 
embodiment, transgenic mice are generated which express a 
MICA or MICB transgene. The absence of MICA or MICB 
genes in mice permit the study of MICA or MICB expres 
Sion in an environment free of competing endogenous MICA 
or MICB sequences. 
0170 AS noted above, transgenic animals and cell lines 
derived from Such animals may find use in toxicity testing. 
In this regard, transgenic animals and cell lines capable of 
expressing human MICA or MICB may be exposed to test 
Substances under conditions in which Such animals and/or 
cell lines, in the absence of the test Substance, do not express 
human MICA or MICB. The animals and/or cell lines are 
then tested for the expression of MICA or MICB. Animals 
may be tested for MICA or MICB expression by biopsy of 
tissues using MICA or MICB specific antibodies or using 
PCR assays designed to detect MICA or MICB mRNA 
production. In a similar manner cell lines exposed to test 
substances are also assayed for MICA or MICB expression. 
Within these methods test assays are compared to MICA or 
MICB expression in control animals or cell lines that have 
not been exposed to the test Substance. The detection of 
MICA or MICB expression following exposure to a test 
Substance indicates that cells undergo physiological StreSS in 
the presence of Such a Substance. 
0171 Purification of MICA, MICB and Related Polypep 
tides 

0172 In certain embodiments of the invention, it will be 
desirable to produce functional MICA or MICB polypeptide 
or variants thereof. Protein purification techniques are well 
known to those of skill in the art. These techniques tend to 
involve the fractionation of the cellular milieu to Separate 
the MICA, MICB or related polypeptides from other com 
ponents of the mixture. Having separated MICA, MICB and 
related polypeptides from the other plasma components the 
MICA, MICB or related polypeptide sample may be purified 
using chromatographic and electrophoretic techniques to 
achieve complete purification. Analytical methods particu 
larly Suited to the preparation of a pure peptide are ion 
eXchange chromatography, exclusion chromatography; 
polyacrylamide gel electrophoresis, isolectric focusing. A 
particularly efficient method of purifying peptides is fast 
protein liquid chromatography or even HPLC. 
0173 Certain aspects of the present invention concern the 
purification, and in particular embodiments, the Substantial 
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purification, of an encoded protein or peptide. The term 
“purified protein or peptide' as used herein, is intended to 
refer to a composition, isolatable from other components, 
wherein the protein or peptide is purified to any degree 
relative to its naturally-obtainable State, ie., in this case, 
relative to its purity within a hepatocyte or B-cell extract. A 
purified protein or peptide therefore also refers to a protein 
or peptide, free from the environment in which it may 
naturally occur. 
0.174 Generally, “purified” will refer to a protein or 
peptide composition that has been Subjected to fractionation 
to remove various other components, and which composi 
tion Substantially retains its expressed biological activity. 
Where the term “substantially purified” is used, this desig 
nation will refer to a composition in which the protein or 
peptide forms the major component of the composition, Such 
as constituting about 50% or more of the proteins in the 
composition. 

0175 Various methods for quantifying the degree of 
purification of the protein or peptide will be known to those 
of skill in the art in light of the present disclosure. These 
include, for example, determining the Specific activity of an 
active fraction, or assessing the amount of polypeptides 
within a fraction by SDS/PAGE analysis. A preferred 
method for assessing the purity of a fraction is to calculate 
the Specific activity of the fraction, to compare it to the 
Specific activity of the initial extract, and to thus calculate 
the degree of purity, herein assessed by a "-fold purification 
number”. The actual units used to represent the amount of 
activity will, of course, be dependent upon the particular 
assay technique chosen to follow the purification and 
whether or not the expressed protein or peptide exhibits a 
detectable activity. 
0176 Various techniques suitable for use in protein puri 
fication will be well known to those of skill in the art. These 
include, for example, precipitation with ammonium Sul 
phate, PEG, antibodies and the like or by heat denaturation, 
followed by centrifugation; chromatography StepS. Such as 
ion exchange, gel filtration, reverse phase, hydroxylapatite 
and affinity chromatography; isoelectric focusing, gel elec 
trophoresis, and combinations of Such and other techniques. 
AS is generally known in the art, it is believed that the order 
of conducting the various purification Steps may be changed, 
or that certain StepS may be omitted, and Still result in a 
Suitable method for the preparation of a Substantially puri 
fied protein or peptide. 
0177. There is no general requirement that the protein or 
peptide always be provided in their most purified State. 
Indeed, it is contemplated that leSS Substantially purified 
products will have utility in certain embodiments. Partial 
purification may be accomplished by using fewer purifica 
tion Steps in combination, or by utilizing different forms of 
the same general purification Scheme. For example, it is 
appreciated that a cation-exchange column chromatography 
performed utilizing an HPLC apparatus will generally result 
in a greater fold purification than the same technique utiliz 
ing a low pressure chromatography System. Methods exhib 
iting a lower degree of relative purification may have 
advantages in total recovery of protein product, or in main 
taining the activity of an expressed protein. 
0178. It is known that the migration of a polypeptide can 
vary, Sometimes Significantly, with different conditions of 
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SDS/PAGE (Capaldi et al., 1977). It will therefore be 
appreciated that under differing electrophoresis conditions, 
the apparent molecular weights of purified or partially 
purified expression products may vary. 
0179 High Performance Liquid Chromatography 
(HPLC) is characterized by a very rapid separation with 
extraordinary resolution of peaks. This is achieved by the 
use of very fine particles and high pressure to maintain an 
adequate flow rate. Separation can be accomplished in a 
matter of minutes, or at most an hour. Moreover, only a very 
Small Volume of the Sample is needed because the particles 
are So Small and close-packed that the Void Volume is a very 
Small fraction of the bed volume. Also, the concentration of 
the Sample need not be very great because the bands are So 
narrow that there is very little dilution of the sample. 
0180 Gel chromatography, or molecular sieve chroma 
tography, is a special type of partition chromatography that 
is based on molecular size. The theory behind gel chroma 
tography is that the column, which is prepared with tiny 
particles of an inert Substance that contain Small pores, 
Separates larger molecules from Smaller molecules as they 
pass through or around the pores, depending on their size. AS 
long as the material of which the particles are made does not 
adsorb the molecules, the Sole factor determining rate of 
flow is the size. Hence, molecules are eluted from the 
column in decreasing Size, So long as the shape is relatively 
constant. Gel chromatography is unsurpassed for Separating 
molecules of different size because Separation is indepen 
dent of all other factorS Such as pH, ionic Strength, tempera 
ture, etc. There also is virtually no adsorption, less Zone 
Spreading and the elution volume is related in a simple 
matter to molecular weight. 
0181 Affinity Chromatography is a chromatographic 
procedure that relies on the Specific affinity between a 
Substance to be isolated and a molecule that it can specifi 
cally bind to. This is a receptor-ligand type interaction. The 
column material is Synthesized by covalently coupling one 
of the binding partners to an insoluble matrix. The column 
material is then able to Specifically adsorb the Substance 
from the Solution. Elution occurs by changing the conditions 
to those in which binding will not occur (alter pH, ionic 
strength, temperature, etc.). 
0182. A particular type of affinity chromatography useful 
in the purification of carbohydrate containing compounds is 
lectin affinity chromatography. Lectins are a class of Sub 
stances that bind to a variety of polysaccharides and glyco 
proteins. Lectins are usually coupled to agarose by cyanogen 
bromide. Conconavalin A coupled to Sepharose was the first 
material of this sort to be used and has been widely used in 
the isolation of polysaccharides and glycoproteins other 
lectins that have been include lentil lectin, wheat germ 
agglutinin which has been useful in the purification of 
N-acetyl glucosaminyl residues and Helix pomatia lectin. 
Lectins themselves are purified using affinity chromatogra 
phy with carbohydrate ligands. Lactose has been used to 
purify lectins from castor bean and peanuts; maltose has 
been useful in extracting lectins from lentils and jack bean; 
N-acetyl-D-galactosamine is used for purifying lectins from 
Soybean; N-acetylglucosaminyl binds to lectins from wheat 
germ; D-galactosamine has been used in obtaining lectins 
from clams and L-fucose will bind to lectins from lotus. 

0183 The matrix should be a substance that itself does 
not adsorb molecules to any significant extent and that has 
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a broad range of chemical, physical and thermal Stability. 
The ligand should be coupled in Such a way as to not affect 
its binding properties. The ligand should also provide rela 
tively tight binding. And it should be possible to elute the 
Substance without destroying the Sample or the ligand. One 
of the most common forms of affinity chromatography is 
immunoaffinity chromatography. The generation of antibod 
ies that would be suitable for use in accord with the present 
invention is discussed below. 

0184 Synthetic Polypeptides 

0185. The present invention also describes MICA, MICB 
and related peptides for use in various embodiments of the 
present invention. Because of their relatively Small size, the 
peptides of the invention can also be Synthesized in Solution 
or on a Solid Support in accordance with conventional 
techniques. Various automatic Synthesizers are commer 
cially available and can be used in accordance with known 
protocols. See, for example, Stewart and Young, (1984); 
Tam et al., (1983); Merrifield, (1986); and Barany and 
Merrifield (1979), each incorporated herein by reference. 
Short peptide Sequences, or libraries of overlapping pep 
tides, usually from about 6 up to about 35 to 50 amino acids, 
which correspond to the Selected regions described herein, 
can be readily Synthesized and then Screened in Screening 
assays designed to identify reactive peptides. Alternatively, 
recombinant DNA technology may be employed wherein a 
nucleotide Sequence which encodes a peptide of the inven 
tion is inserted into an expression vector, transformed or 
transfected into an appropriate host cell and cultivated under 
conditions Suitable for expression. 

0186. Detection And Quantitation Of Nucleic Acid Spe 
cies 

0187. One embodiment of the instant invention com 
prises a method for identification of MICA or MICB expres 
Sion in a biological Sample by amplifying and detecting 
nucleic acids corresponding to MICA or MICB mutants. The 
biological Sample can be any tissue or fluid in which these 
mutants might be present. Various embodiments include 
cells from the lung, muscle, liver, renal, prostate, breast, 
cerVical, pancreatic, Stomach, testicular, OVarian, gas 
trointestinal tract, the thymus, bone marrow aspirate, bone 
marrow biopsy, lymph node aspirate, lymph node biopsy, 
Spleen tissue, fine needle aspirate, Skin biopsy or organ 
tissue biopsy. Other embodiments include Samples where 
the body fluid is peripheral blood, Serum, plasm, Semen, 
lymph fluid, ascites, Serous fluid, pleural effusion, Sputum, 
cerebroSpinal fluid, lacrimal fluid, Stool or urine. 
0188 Nucleic acid used as a template for amplification is 
isolated from cells contained in the biological Sample, 
according to Standard methodologies (Sambrook et al., 
1989). The nucleic acid may be genomic DNA or fraction 
ated or whole cell RNA. Where RNA is used, it may be 
desired to convert the RNA to a complementary DNA. In 
one embodiment, the RNA is whole cell RNA and is used 
directly as the template for amplification. 

0189 Pairs of primers that selectively hybridize to 
nucleic acids corresponding to MICA or MICB and variants 
thereof are contacted with the isolated nucleic acid under 
conditions that permit selective hybridization. Once hybrid 
ized, the nucleic acid:primer complex is contacted with one 
or more enzymes that facilitate template-dependent nucleic 
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acid Synthesis. Multiple rounds of amplification, also 
referred to as “cycles,” are conducted until a Sufficient 
amount of amplification product is produced. 
0190. Next, the amplification product is detected. In 
certain applications, the detection may be performed by 
Visual means. Alternatively, the detection may involve indi 
rect identification of the product via chemiluminescence, 
radioactive Scintigraphy of incorporated radiolabel or fluo 
rescent label or even via a System using electrical or thermal 
impulse signals (Affymax technology; Bellus, 1994). 
0191) Following detection, one may compare the results 
Seen in a given patient with a Statistically significant refer 
ence group of normal patients and patients that have for 
example, cancer, inflammatory bowel disease or a defect 
involving MICA or MICB. In this way, it is possible to 
correlate the amount of MICA, MICB or variants thereof 
detected with various clinical States. 

0192) 1. Primers 
0193 The term primer, as defined herein, is meant to 
encompass any nucleic acid that is capable of priming the 
Synthesis of a nascent nucleic acid in a template-dependent 
process. Typically, primers are oligonucleotides from ten to 
twenty base pairs in length, but longer Sequences can be 
employed. Primers may be provided in double-stranded or 
Single-Stranded form, although the Single-stranded form is 
preferred. 
0194 2. Template Dependent Amplification Methods 
0.195 A number of template dependent processes are 
available to amplify the marker Sequences present in a given 
template Sample. One of the best known amplification 
methods is the polymerase chain reaction (referred to as 
PCR) which is described in detail in U.S. Pat. Nos. 4,683, 
195, 4,683.202 and 4,800,159, and in Innis et al., 1990, each 
of which is incorporated herein by reference in its entirety. 
0.196 Briefly, in PCR, two primer sequences are prepared 
that are complementary to regions on opposite complemen 
tary Strands of the marker Sequence. An excess of deoxy 
nucleoside triphosphates are added to a reaction mixture 
along with a DNA polymerase, e.g., Taq polymerase. If the 
marker Sequence is present in a Sample, the primers will bind 
to the marker and the polymerase will cause the primers to 
be extended along the marker Sequence by adding on 
nucleotides. By raising and lowering the temperature of the 
reaction mixture, the extended primers will dissociate from 
the marker to form reaction products, exceSS primers will 
bind to the marker and to the reaction products and the 
process is repeated. 
0.197 A reverse transcriptase PCR amplification proce 
dure may be performed in order to quantify the amount of 
mRNA amplified. Methods of reverse transcribing RNA into 
cDNA are well known and described in Sambrook et al., 
1989. Alternative methods for reverse transcription utilize 
thermostable, RNA-dependent DNA polymerases. These 
methods are described in WO 90/07641 filed Dec. 21, 1990. 
Polymerase chain reaction methodologies are well known in 
the art. 

0198 Another method for amplification is the ligase 
chain reaction (“LCR”), disclosed in EPO No. 320 308, 
incorporated herein by reference in its entirety. In LCR, two 
complementary probe pairs are prepared, and in the presence 
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of the target Sequence, each pair will bind to opposite 
complementary Strands of the target Such that they abut. In 
the presence of a ligase, the two probe pairs will link to form 
a Single unit. By temperature cycling, as in PCR, bound 
ligated units dissociate from the target and then Serve as 
“target Sequences” for ligation of exceSS probe pairs. U.S. 
Pat. No. 4,883,750 describes a method similar to LCR for 
binding probe pairs to a target Sequence. 
0199 Qbeta Replicase, described in PCT Application No. 
PCT/US87/00880, may also be used as still another ampli 
fication method in the present invention. In this method, a 
replicative Sequence of RNA that has a region complemen 
tary to that of a target is added to a Sample in the presence 
of an RNA polymerase. The polymerase will copy the 
replicative Sequence that can then be detected. 
0200. An isothermal amplification method, in which 
restriction endonucleases and ligases are used to achieve the 
amplification of target molecules that contain nucleotide 
5'-alpha-thiol-triphosphates in one Strand of a restriction 
Site may also be useful in the amplification of nucleic acids 
in the present invention, Walker et al., (1992). 
0201 Strand Displacement Amplification (SDA) is 
another method of carrying out isothermal amplification of 
nucleic acids which involves multiple rounds of Strand 
displacement and Synthesis, i.e., nick translation. A similar 
method, called Repair Chain Reaction (RCR), involves 
annealing Several probes throughout a region targeted for 
amplification, followed by a repair reaction in which only 
two of the four bases are present The other two bases can be 
added as biotinylated derivatives for easy detection. A 
Similar approach is used in SDA. Target specific Sequences 
can also be detected using a cyclic probe reaction (CPR). In 
CPR, a probe having 3' and 5' sequences of non-specific 
DNA and a middle sequence of specific RNA is hybridized 
to DNA that is present in a sample. Upon hybridization, the 
reaction is treated with RNase H, and the products of the 
probe identified as distinctive products that are released after 
digestion. The original template is annealed to another 
cycling probe and the reaction is repeated. 
0202 Still another amplification methods described in 
GB Application No. 2 202 328, and in PCT Application No. 
PCT/US89/01025, each of which is incorporated herein by 
reference in its entirety, may be used in accordance with the 
present invention. In the former application, "modified’ 
primers are used in a PCR-like, template- and enzyme 
dependent synthesis. The primers may be modified by 
labelling with a capture moiety (e.g., biotin) and/or a detec 
tor moiety (e.g., enzyme). In the latter application, an excess 
of labeled probes are added to a Sample. In the presence of 
the target Sequence, the probe binds and is cleaved catalyti 
cally. After cleavage, the target Sequence is released intact to 
be bound by excess probe. Cleavage of the labeled probe 
Signals the presence of the target Sequence. 
0203 Other nucleic acid amplification procedures 
include transcription-based amplification Systems (TAS), 
including nucleic acid Sequence based amplification 
(NASBA) and 3SR (Kwoh et al., 1989; Gingeras et al., PCT 
Application WO 88.110315, incorporated herein by refer 
ence in their entirety). In NASBA, the nucleic acids can be 
prepared for amplification by Standard phenol/chloroform 
extraction, heat denaturation of a clinical Sample, treatment 
with lysis buffer and minispin columns for isolation of DNA 
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and RNA or guanidinium chloride extraction of RNA. These 
amplification techniques involve annealing a primer which 
has target Specific Sequences. Following polymerization, 
DNA/RNA hybrids are digested with RNase H while double 
Stranded DNA molecules are heat denatured again. In either 
case the single stranded DNA is made fully double stranded 
by addition of Second target specific primer, followed by 
polymerization. The double-stranded DNA molecules are 
then multiply transcribed by an RNA polymerase such as 17 
or SP6. In an isothermal cyclic reaction, the RNAs are 
reverse transcribed into single stranded DNA, which is then 
converted to double stranded DNA, and then transcribed 
once again with an RNA polymerase such as T7 or SP6. The 
resulting products, whether truncated or complete, indicate 
target Specific Sequences. 

0204 Davey et al., EPO No. 329 822 (incorporated 
herein by reference in its entirety) disclose a nucleic acid 
amplification process involving cyclically Synthesizing 
single-stranded RNA (“ssRNA”), ssDNA, and double 
stranded DNA (dsDNA), which may be used in accordance 
with the present invention. The ssRNA is a template for a 
first primer oligonucleotide, which is elongated by reverse 
transcriptase (RNA-dependent DNA polymerase). The RNA 
is then removed from the resulting DNA:RNA duplex by the 
action of ribonuclease H (RNase H, an RNase specific for 
RNA in duplex with either DNA or RNA). The resultant 
SSDNA is a template for a Second primer, which also 
includes the Sequences of an RNA polymerase promoter 
(exemplified by 17 RNA polymerase) 5' to its homology to 
the template. This primer is then extended by DNA poly 
merase (exemplified by the large “Klenow' fragment of E. 
coli DNA polymerase 1), resulting in a double-stranded 
DNA (“dsDNA) molecule, having a sequence identical to 
that of the original RNA between the primers and having 
additionally, at one end, a promoter Sequence. This promoter 
Sequence can be used by the appropriate RNA polymerase to 
make many RNA copies of the DNA. These copies can then 
re-enter the cycle leading to very Swift amplification. With 
proper choice of enzymes, this amplification can be done 
isothermally without addition of enzymes at each cycle. 
Because of the cyclical nature of this process, the Starting 
sequence can be chosen to be in the form of either DNA or 
RNA. 

0205 Miller et al., PCT Application WO 89/06700 
(incorporated herein by reference in its entirety) disclose a 
nucleic acid Sequence amplification Scheme based on the 
hybridization of a promoter/primer Sequence to a target 
single-stranded DNA (“ssDNA) followed by transcription 
of many RNA copies of the Sequence. This Scheme is not 
cyclic, i.e., new templates are not produced from the result 
ant RNA transcripts. Other amplification methods include 
“RACE" and “one-sided PCR" (Frohman, M. A., In: PCR 
PROTOCOLS: A GUIDE TO METHODS AND APPLICA 
TIONS, Academic Press, N.Y., 1990; Ohara et al., 1989; 
each herein incorporated by reference in their entirety). 

0206 Methods based on ligation of two (or more) oligo 
nucleotides in the presence of nucleic acid having the 
Sequence of the resulting “di-oligonucleotide', thereby 
amplifying the di-oligonucleotide, may also be used in the 
amplification step of the present invention. Wu et al., (1989), 
incorporated herein by reference in its entirety. 
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0207 3. RNase Protection Assay 
0208 Methods for screening by identifying mutations 
associated with diseases such as GVHD must be able to 
assess large regions of the genome. Once a relevant mutation 
has been identified in a given patient, other family members 
and affected individuals can be Screened using methods 
which are targeted to that Site. The ability to detect dispersed 
point mutations is critical for genetic counseling, diagnosis, 
and early clinical intervention as well as for research into the 
etiology of cancer and other genetic disorders. The ideal 
method for genetic Screening would quickly, inexpensively, 
and accurately detect all types of widely dispersed mutations 
in genomic DNA, cDNA, and RNA samples, depending on 
the Specific Situation. 
0209 Historically, a number of different methods have 
been used to detect point mutations, including denaturing 
gradient gel electrophoresis ("DGGE), restriction enzyme 
polymorphism analysis, chemical and enzymatic cleavage 
methods, and others (Cotton, 1989). The more common 
procedures currently in use include direct Sequencing of 
target regions amplified by PCRTM and single-strand con 
formation polymorphism analysis (“SSCP”). 
0210 Another method of screening for point mutations is 
based on RNase cleavage of base pair mismatches in RNA/ 
DNA and RNA/RNA heteroduplexes. As used herein, the 
term "mismatch” is defined as a region of one or more 
unpaired or mispaired nucleotides in a double-Stranded 
RNA/RNA, RNA/DNA or DNA/DNA molecule. This defi 
nition thus includes mismatches due to insertion/deletion 
mutations, as well as Single and multiple base point muta 
tions. U.S. Pat. No. 4,946,773 describes an RNase A mis 
match cleavage assay that involves annealing Single 
stranded DNA or RNA test samples to an RNA probe, and 
Subsequent treatment of the nucleic acid duplexes with 
RNase A. After the RNase cleavage reaction, the RNase is 
inactivated by proteolytic digestion and organic extraction, 
and the cleavage products are denatured by heating and 
analyzed by electrophoresis on denaturing polyacrylamide 
gels. For the detection of mismatches, the Single-Stranded 
products of the RNase Atreatment, electrophoretically Sepa 
rated according to size, are compared to Similarly treated 
control duplexes. Samples containing Smaller fragments 
(cleavage products) not seen in the control duplex are Scored 
as “+'. 

0211 Currently available RNase mismatch cleavage 
assays, including those performed according to U.S. Pat. No. 
4.946,773, require the use of radiolabeled RNA probes. 
Myers and Maniatis in U.S. Pat. No. 4,946,773 describe the 
detection of base pair mismatches using RNase A Other 
investigators have described the use of E. coli enzyme, 
RNase I, in mismatch assayS. Because it has broader cleav 
age specificity than RNase A, RNase I would be a desirable 
enzyme to employ in the detection of base pair mismatches 
if components can be found to decrease the extent of 
non-specific cleavage and increase the frequency of cleav 
age of mismatches. The use of RNase I for mismatch 
detection is described in literature from Promega Biotech. 
Promega markets a kit containing RNase I that is shown in 
their literature to cleave three out of four known mis 
matches, provided the enzyme level is Sufficiently high. 
0212. The RNase protection assay as first described by 
Melton et al (1984) was used to detect and map the ends of 
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Specific mRNA targets in Solution. The assay relies on being 
able to easily generate high Specific activity radiolabeled 
RNA probes complementary to the mRNA of interest by in 
Vitro transcription. Originally, the templates for in vitro 
transcription were recombinant plasmids containing bacte 
riophage promoters. The probes are mixed with total cellular 
RNA samples to permit hybridization to their complemen 
tary targets, then the mixture is treated with RNase to 
degrade exceSS unhybridized probe. Also, as originally 
intended, the RNase used is specific for Single-Stranded 
RNA, so that hybridized double-stranded probe is protected 
from degradation. After inactivation and removal of the 
RNase, the protected probe (which is proportional in amount 
to the amount of target mRNA that was present) is recovered 
and analyzed on a polyacrylamide gel. 
0213 The RNase Protection assay was adapted for detec 
tion of single base mutations by Myers and Maniatis (1985) 
and by Winter and Perucho (1985). In this type of RNase A 
mismatch cleavage assay, radiolabeled RNA probes tran 
Scribed in vitro from wild type Sequences, are hybridized to 
complementary target regions derived from test Samples. 
The test target generally comprises DNA (either genomic 
DNA or DNA amplified by cloning in plasmids or by 
PCRTM), although RNA targets (endogenous mRNA) have 
occasionally been used (Gibbs and Caskey, 1987; Winter 
and Perucho, 1985). If single nucleotide (or greater) 
Sequence differences occur between the hybridized probe 
and target, the resulting disruption in Watson-Crick hydro 
gen bonding at that position ("mismatch') can be recognized 
and cleaved in Some cases by Single-strand specific ribonu 
clease. To date, RNase A has been used almost exclusively 
for cleavage of Single-base mismatches, although RNase I 
has recently been shown as useful also for mismatch cleav 
age. There are recent descriptions of using the MutS protein 
and other DNA-repair enzymes for detection of Single-base 
mismatches (Ellis et al., 1994; Lishanski et al., 1994). 
0214. By hybridizing each strand of the wild type probe 
in RNase cleavage mismatch assays Separately to the 
complementary Sense and AntiSense Strands of the test 
target, two different complementary mismatches (for 
example, A-C and G-U or G-T) and therefore two chances 
for detecting each mutation by Separate cleavage events, was 
provided. Myers et al. (1985) used the RNase A cleavage 
assay to Screen 615 bp regions of the human fB globin gene 
contained in recombinant plasmid targets. By probing with 
both strands, they were able to detect most, but not all, of the 
B-globin mutations in their model System. The collection of 
mutants included examples of all the 12 possible types of 
mismatches between RNA and DNA: ra/dA, rC/dC, rU/dC, 
rC/dA, rC/dT, rU/dG, rC/dA, rG/dG, rU/dG, ra/dC, rG/dT, 
and ra/dG. 

0215 Myers et. al. (1985) showed that certain types of 
mismatch were more frequently and more completely 
cleaved by RNase A than others. For example, the rC/dA, 
rC/dC, and rC/dT mismatches were cleaved in all cases, 
while the rG/dA mismatch was only cleaved in 13% of the 
cases tested and the rG/dT mismatch was almost completely 
resistant to cleavage. In general, the complement of a 
difficult-to-detect mismatch was much easier to detect. For 
example, the refractory rC/dT mismatch generated by prob 
ing a G to A mutant target with a wild type Sense-Strand 
probe, is complemented by the easily cleaved rC/dA mis 
match generated by probing the mutant target with the Wild 
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type antisense Strand. By probing both target Strands, Myers 
and Maniatis (1986) estimated that at least 50% of all 
single-base mutations would be detected by the RNase A 
cleavage assay. These authors Stated that approximately 
one-third of all possible types of Single-base Substitutions 
would be detected by using a Single probe for just one Strand 
of the target DNA (Myers et al., 1985). 
0216) In the typical RNase cleavage assays, the Separat 
ing gels are run under denaturing conditions for analysis of 
the cleavage products. This requires the RNase to be inac 
tivated by treating the reaction with protease (usually Pro 
teinase K, often in the presence of SDS) to degrade the 
RNase. This reaction is generally followed by an organic 
extraction with a phenol/chloroform Solution to remove 
proteins and residual RNase activity. The organic extraction 
is then followed by concentration and recovery of the 
cleavage products by alcohol precipitation (Myers et al., 
1985; Winter et al., 1985; Theophilus et al., 1989). 
0217. 4. Separation Methods. 
0218. Following amplification, it may be desirable to 
Separate the amplification product from the template and the 
exceSS primer for the purpose of determining whether Spe 
cific amplification has occurred. In one embodiment, ampli 
fication products are separated by agarose, agarose-acryla 
mide or polyacrylamide gel electrophoresis using Standard 
methods. See Sambrook et al., 1989. 
0219. Alternatively, chromatographic techniques may be 
employed to effect Separation. There are many kinds of 
chromatography which may be used in the present inven 
tion: adsorption, partition, ion-exchange and molecular 
Sieve, and many specialized techniques for using them 
including column, paper, thin-layer and gas chromatography 
(Freifelder, 1982). 
0220) 5. Identification Methods 
0221 Amplification products must be visualized in order 
to confirm amplification of the marker Sequences. One 
typical visualization method involves Staining of a gel with 
ethidium bromide and visualization under UV light. Alter 
natively, if the amplification products are integrally labeled 
with radio- or fluorometrically-labeled nucleotides, the 
amplification products can then be exposed to X-ray film or 
Visualized under the appropriate Stimulating spectra, follow 
ing Separation. 

0222. In one embodiment, visualization is achieved indi 
rectly. Following Separation of amplification products, a 
labeled, nucleic acid probe is brought into contact with the 
amplified marker Sequence. The probe preferably is conju 
gated to a chromophore but may be radiolabeled. In another 
embodiment, the probe is conjugated to a binding partner, 
such as an antibody or biotin, and the other member of the 
binding pair carries a detectable moiety. 

0223) In one embodiment, detection is by Southern blot 
ting and hybridization with a labeled probe. The techniques 
involved in Southern blotting are well known to those of 
skill in the art and can be found in many Standard books on 
molecular protocols. See Sambrook et al., 1989. Briefly, 
amplification products are separated by gel electrophoresis. 
The gel is then contacted with a membrane, Such as nitro 
cellulose, permitting transfer of the nucleic acid and non 
covalent binding. Subsequently, the membrane is incubated 
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with a chromophore-conjugated probe that is capable of 
hybridizing with a target amplification product. Detection is 
by exposure of the membrane to X-ray film or ion-emitting 
detection devices. 

0224 One example of the foregoing is described in U.S. 
Pat. No. 5.279,721, incorporated by reference herein, which 
discloses an apparatus and method for the automated elec 
trophoresis and transfer of nucleic acids. The apparatus 
permits electrophoresis and blotting without external 
manipulation of the gel and is ideally Suited to carrying out 
methods according to the present invention. 
0225. In addition, the amplification products described 
above may be Subjected to Sequence analysis to identify 
allelic variants of MICA or MICB using standard sequence 
analysis techniques. Within certain methods, exhaustive 
analysis of genes is carried out by Sequence analysis using 
primer Sets designed for optimal Sequencing (Pignon et al., 
1994). The present invention provides methods by which 
any or all of these types of analyses may be used. AS 
disclosed herein, a human MICA or MICB gene and cDNA 
have been cloned. Using these reagents, oligonucleotide 
primerS may be designed to permit the amplification of 
sequences in the MICA or MICB gene that may then be 
analyzed by either direct Sequencing to identify specific 
allele sequences in the MICA or MICB gene. Particularly 
preferred regions for designing oligonucleotide primers 
include intron-exon junctions, preferably from flanking 
intron Sequences. Methods for DNA sequence based typing 
have been disclosed for example by Santamaria et al. (WO 
92/19771 which is incorporated herein by reference in its 
entirety) and Tilanus (WO92/08117; which is incorporated 
herein by reference in its entirety). 
0226 6. Kit Components 
0227 All the essential materials and reagents required for 
detecting MICA, MICB, or alleles and variants thereof, in a 
biological Sample may be assembled together in a kit. This 
generally will comprise preselected primers for Specific 
markers. Also included may be enzymes Suitable for ampli 
fying nucleic acids including various polymerases (RT, Taq, 
etc.), deoxynucleotides and buffers to provide the necessary 
reaction mixture for amplification. 
0228 Such kits generally will comprise, in Suitable 
means, distinct containers for each individual reagent and 
enzyme as well as for each marker primer pair. Preferred 
pairs of primerS for amplifying nucleic acids are Selected to 
amplify the sequences specified in SEQ ID NO:1, SEQ ID 
NO:3, the cDNAs for MICA and MICB. 

0229. In another embodiment, such kits will comprise 
hybridization probes specific for MICA, MICB or any 
variant thereof, chosen from a group including nucleic acids 
corresponding to the sequences specified in SEQ ID NO1, 
SEQ ID NO:3, or any variant thereof. Such kits generally 
will comprise, in Suitable means, distinct containers for each 
individual reagent and enzyme as well as for each marker 
hybridization probe. 

0230 7. RNA Fingerprinting 
0231 RNA fingerprinting technology has been demon 
Strated as being effective in identifying genes that are 
differentially expressed in cancer (Liang et al., 1992; Wong 
et al., 1993; Sager et al., 1993; Mok et al., 1994; Watson et 



US 2003/O165835 A1 

al., 1994; Chen et al., 1995; An et al., 1995). The present 
invention utilizes the RNA fingerprinting technique to iden 
tify genes that may be differentially expressed in various 
diseased States Such as GVHD, colon cancers and the like. 

0232 RNA fingerprinting is a means by which RNAS 
isolated from many different tissues, cell types or treatment 
groups can be sampled Simultaneously to identify RNAS 
whose relative abundances vary. Two forms of this technol 
ogy were developed simultaneously and reported in 1992 as 
RNA fingerprinting by differential display (Liang and Par 
dee, 1992; Welsh et al., 1992). (See also Liang and Pardee, 
U.S. Pat. No. 5,262,311, incorporated herein by reference in 
its entirety.) Some of the experiments described herein were 
performed similarly to Donahue et al., 1994. 

0233 All forms of RNA fingerprinting by PCR are theo 
retically similar but differ in their primer design and appli 
cation. The most striking difference between differential 
display and other methods of RNA fingerprinting is that 
differential display utilizes anchoring primers that hybridize 
to the poly A tails of mRNAs. As a consequence, the PCR 
products amplified in differential display are biased towards 
the 3' untranslated regions of mRNAs. 
0234. The basic technique of differential display has been 
described in detail (Liang and Pardee, 1992). Total cell RNA 
is primed for first Stand reverse transcription with an anchor 
ing primer composed of oligo dT and any two of the four 
deoxynucleosides. The oligo dT primer is extended using a 
reverse transcriptase, for example, Moloney Murine Leuke 
mia Virus (MMLV) reverse transcriptase. The synthesis of 
the Second Strand is primed with an arbitrarily chosen 
oligonucleotide, using reduced Stringency conditions. Once 
the double-stranded cDNA has-been synthesized, amplifi 
cation proceeds by Standard PCR techniques, utilizing the 
Same primers. The resulting DNA fingerprint is analyzed by 
gel electrophoresis and ethidium bromide Staining or auto 
radiography. A side by Side comparison of fingerprints 
obtained from tumor versus normal tissue Samples using the 
Same oligonucleotide primers identifies mRNAS that are 
differentially expressed. 

0235 8. Design and Theoretical Considerations for Rela 
tive Ouantitative RT-PCR 

0236 Reverse transcription (RT) of RNA to cDNA fol 
lowed by relative quantitative PCR (RT-PCR) can be used to 
determine the relative concentrations of specific mRNA 
Species isolated from patient tissue. Such determinations 
would be useful in predicting the Susceptibility of a patienst 
to diseases Such as cancer and gastrointestinal diseases Such 
as Crohn's disease. By determining that the concentration of 
a specific mRNA species varies, it is shown that the gene 
encoding the Specific mRNA species is differentially 
expressed. This technique can be used to confirm that 
mRNA transcripts shown to be differentially regulated by 
RNA fingerprinting are differentially expressed in the gas 
trointestinal tract of patients susceptible to GVHD. 
0237). In PCR, the number of molecules of the amplified 
target DNA increase by a factor approaching two with every 
cycle of the reaction until Some reagent becomes limiting. 
Thereafter, the rate of amplification becomes increasingly 
diminished until there is no increase in the amplified target 
between cycles. If a graph is plotted in which the cycle 
number is on the X axis and the log of the concentration of 
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the amplified target DNA is on the Y axis, a curved line of 
characteristic shape is formed by connecting the plotted 
points. Beginning with the first cycle, the slope of the line is 
positive and constant. This is said to be the linear portion of 
the curve. After a reagent becomes limiting, the Slope of the 
line begins to decrease and eventually becomes Zero. At this 
point the concentration of the amplified target DNA 
becomes asymptotic to Some fixed value. This is Said to be 
the plateau portion of the curve. 
0238. The concentration of the target DNA in the linear 
portion of the PCR amplification is directly proportional to 
the Starting concentration of the target before the reaction 
began. By determining the concentration of the amplified 
products of the target DNA in PCR reactions that have 
completed the same number of cycles and are in their linear 
ranges, it is possible to determine the relative concentrations 
of the Specific target Sequence in the original DNA mixture. 
If the DNA mixtures are cDNAS synthesized from RNAS 
isolated from different tissues or cells, the relative abun 
dances of the Specific mRNA from which the target Sequence 
was derived can be determined for the respective tissueS or 
cells. This direct proportionality between the concentration 
of the PCR products and the relative mRNA abundances is 
only true in the linear range of the PCR reaction. 
0239). The final concentration of the target DNA in the 
plateau portion of the curve is determined by the availability 
of reagents in the reaction mix and is independent of the 
original concentration of target DNA. Therefore, the first 
condition that must be met before the relative abundances of 
a mRNA species can be determined by RT-PCR for a 
collection of RNA populations is that the concentrations of 
the amplified PCR products must be sampled when the PCR 
reactions are in the linear portion of their curves. 
0240 The second condition that must be met for an 
RT-PCR experiment to successfully determine the relative 
abundances of a particular mRNA species is that relative 
concentrations of the amplifiable cDNAS must be normal 
ized to some independent standard. The goal of an RT-PCR 
experiment is to determine the abundance of a particular 
mRNA species relative to the average abundance of all 
mRNA species in the Sample. In the experiments described 
below, mRNAS for B-actin, asparagine Synthetase and lipo 
cortin II were used as external and internal Standards to 
which the relative abundance of other mRNAS are com 
pared. 
0241 Most protocols for competitive PCR utilize internal 
PCR Standards that are approximately as abundant as the 
target. These Strategies are effective if the products of the 
PCR amplifications are Sampled during their linear phases. 
If the products are Sampled when the reactions are approach 
ing the plateau phase, then the leSS abundant product 
becomes relatively over represented. Comparisons of rela 
tive abundances made for many different RNA samples, 
Such as is the case when examining RNA samples for 
differential expression, become distorted in Such a way as to 
make differences in relative abundances of RNAS appear 
less than they actually are. This is not a significant problem 
if the internal Standard is much more abundant than the 
target. If the internal Standard is more abundant than the 
target, then direct linear comparisons can be made between 
RNA samples. 
0242. The above discussion describes theoretical consid 
erations for an RT-PCR assay for clinically derived materi 
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als. The problems inherent in clinical Samples are that they 
are of variable quantity (making normalization problematic), 
and that they are of variable quality (necessitating the 
co-amplification of a reliable internal control, preferably of 
larger size than the target). Both of these problems are 
overcome if the RT-PCR is performed as a relative quanti 
tative RT-PCR with an internal standard in which the inter 
nal Standard is an amplifiable cDNA fragment that is larger 
than the target cDNA fragment and in which the abundance 
of the mRNA encoding the internal standard is roughly 
5-100 fold higher than the mRNA encoding the target. This 
assay measures relative abundance, not absolute abundance 
of the respective mRNA species. 
0243. Other studies may be performed using a more 
conventional relative quantitative RT-PCR assay with an 
external standard protocol. These assays sample the PCR 
products in the linear portion of their amplification curves. 
The number of PCR cycles that are optimal for sampling 
must be empirically determined for each target cDNA frag 
ment. In addition, the reverse transcriptase products of each 
RNA population isolated from the various tissue Samples 
must be carefully normalized for equal concentrations of 
amplifiable cDNAS. This consideration is very important 
Since the assay measures absolute mRNA abundance. Abso 
lute mRNA abundance can be used as a measure of differ 
ential gene expression only in normalized Samples. While 
empirical determination of the linear range of the amplifi 
cation curve and normalization of cDNA preparations are 
tedious and time consuming processes, the resulting RT 
PCR assays can be superior to those derived from the 
relative quantitative RT-PCR assay with an internal stan 
dard. 

0244. One reason for this advantage is that without the 
internal Standard/competitor, all of the reagents can be 
converted into a single PCR product in the linear range of 
the amplification curve, thus increasing the Sensitivity of the 
assay. Another reason is that with only one PCR product, 
display of the product on an electrophoretic gel or another 
display method becomes leSS complex, has less background 
and is easier to interpret. 
0245 Methods for Increasing or Decreasing MICA or 
MICB Expression 

0246. In one embodiment of the present invention, there 
are provided methods for the increased gene expression or 
activation in a cell. This is particularly useful where there is 
an aberration in the gene product or gene expression is not 
Sufficient for normal function. This will allow for the alle 
viation of Symptoms of biological disorders experienced as 
a result of allelic mutation in MICA or MICB. 

0247 The general approach to increasing gene expres 
sion of MICA or MICB in a cell according to the present 
invention, will be to provide a cell with an MICA or MICB 
polypeptide. While it is conceivable that the protein may be 
delivered directly, a preferred embodiment involves provid 
ing a nucleic acid encoding an MICA or MICB polypeptide, 
ie., a MICA or MICB gene, to the cell. Following this 
provision, the MICA or MICB polypeptide is synthesized by 
the host cell's transcriptional and translational machinery, as 
well as any that may be provided by the expression con 
Struct. Cis-acting regulatory elements necessary to Support 
the expression of the MICA or MICB gene will be provided, 
in the form of an expression construct. 
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0248. In another embodiment of the present invention, 
there is contemplated the method of blocking the function of 
MICA or MICB. In this way, it may be possible to curtail any 
adverse effects of Such mutation in a Subject. In addition, it 
may prove effective to use this Sort of therapeutic interven 
tion in combination with more traditional therapies for 
GVHD such as chemosuppression. 

0249. The general form that this aspect of the invention 
will take is the provision, to a cell, of an agent that will 
inhibit MICA or MICB function. One may employ an 
antisense nucleic acid that will hybridize either to the MICA 
or MICB gene or the gene transcript, thereby preventing 
transcription or translation, respectively. The considerations 
relevant to the design of antisense constructs have been 
presented above. Within another aspect one may utilize a 
MICA or MICB binding protein or peptide, for example, a 
peptidomimetic or an antibody that binds immunologically 
to a MICA or MICB the binding of either will block or 
reduce the activity of the MICA or MICB. The methods of 
making and Selecting peptide binding partners and antibod 
ies are well known to those of skill in the art. Yet another 
aspect provides the antagonists of MICA or MICB. 

0250) Provision of a MICA or MICB gene, a protein, 
peptide or antagonist, would be according to any appropriate 
pharmaceutical route. The formulation of Such compositions 
and their delivery to tissues is discussed below. The method 
by which the nucleic acid, protein or chemical is transferred, 
along with the preferred delivery route, will be selected 
based on the particular site to be treated. Those of skill in the 
art are capable of determining the most appropriate methods 
based on the relevant clinical considerations. 

0251 Where the embodiment involves the use of an 
antibody that recognizes a MICA or MICB polypeptide, 
consideration must be given to the mechanism by which the 
antibody is introduced into the cell cytoplasm. This can be 
accomplished, for example, by providing an expression 
construct that encodes a single-chain antibody version of the 
antibody to be provided. Most of the discussion above 
relating to expression constructs for antisense versions of 
MICA or MICB genes will be relevant to this aspect of the 
invention. Alternatively, it is possible to present a bifunc 
tional antibody, where one antigen binding arm of the 
antibody recognizes a MICA or MICB polypeptide and the 
other antigen binding arm recognizes a receptor on the 
Surface of the cell to be targeted. 
0252) Advantageously, one may combine this approach 
with more conventional GVHD therapy options. 
0253) Screening For Modulators of MICA or MICB 
0254. Within certain embodiments of the invention, 
methods are provided for screening for modulators of MICA 
or MICB expression or activity. Such methods may use 
labeled MICA or MICB proteins or MICA or MICB analogs, 
anti-MICA or anti-MICB antibodies and the like as reagents 
to Screen Small molecule and peptide libraries to identify 
modulators of MICA or MICB gene expression or MICA or 
MICB protein activity. Within one example, a modulator 
Screening assay is performed in which cells expressing 
MICA are exposed to a test Substance under Suitable con 
ditions and for a time Sufficient to permit the agent to effect 
expression of MICA. The expression of MICA is then 
detected by incubating the reaction mixture with a MICA 
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specific antibody, which antibody may be labeled directly or 
may be detected Secondarily, (e.g. using a labeled idiotypic 
or species specific antibody) under conditions that permit the 
formation of immune complexes between MICA and its 
Specific antibody. The test reaction is compared to a control 
reaction which lacks the test Sample. To complete the 
modulator Screening assay, the presence and/or amount of 
complexes formed between MICA or MICB and the anti 
MICA or MICB antibody is detected in the test sample (e.g. 
by determining the presence or amount of label bound 
directly to the antibody or to a Secondary antibody directed 
against the primary antibody). Within this exemplary assay, 
agents that inhibit expression of MICA or MICB will 
demonstrate a reduced binding with MICA-specific or 
MICB specific antibodies relative to the control sample and 
agents that induce expression of MICA or MICB will 
demonstrate an increased binding with MICA- or MICB 
Specific antibodies relative to the control Sample. 
0255 Within other aspects of the invention, modulator 
Screening assays may be carried out to identify agents that 
compete with MICA or MICB for binding to a MICA- or 
MICB-binding molecule (e.g. an antibody or a T-cell recep 
tor). ASSays in this context may use whole cells expressing 
MICA or MICB or use purified truncated MICA or MICB 
proteins Such as those containing only the extracellular 
domains of the protein (described previously). Within exem 
plary assays, agents are tested for the ability to compete with 
MICA or MICB in the context of whole cells or as truncated 
molecules, for binding to an antibody or T-cell receptor. 
Thus, within one exemplary assay, a test agent is incubated 
with a reaction mixtures containing MICA or MICB 
expressing cells and T-cells bearing MICA or MICB recep 
tors under Suitable conditions and for a time Sufficient to 
permit the formation of MICA or MICB-receptor complexes 
in the absence of the test agent. Antibodies Specific for 
MICA-MICB-receptor complexes may be used to detect the 
presence or amount of complex present in the test reaction 
relative to a control reaction lacking the test agent. 
0256 Generally the test substance is added in the form of 
a purified agent, however it is also contemplated that test 
Substances useful within the invention may include Sub 
stances present throughout the handling of test Sample 
components, for example host cell factors that are present in 
a cell lysate used for generating the test Sample. Such 
endogenous factors may be segregated between the test and 
control Samples for example by using different cell types for 
preparing lysates, where the cell type used for preparing the 
test Sample expresses a putative test Substance that is not 
expressed by the cell type used in preparing the control 
Sample. 

0257). Yet additional screening methods utilize host cells 
transformed or transfected with expression constructs incor 
porating MICA or MICB or encoding MICA or MICB 
analogs, to provide an in Vivo assay mixture. Cells thus 
transformed, transfected or intracellularly exposed can be 
used, for example, in Screens to detect and identify com 
pounds capable of modulating MICA or MICB function. In 
this regard, cell lines derived from transgenic animals may 
be particularly preferred. Immortalized cell lines may be 
produced, for example, by transformation or transfection 
with a DNA sequence encoding the SV40 T antigen or with 
papillomavirus genes E6 and E7 (Kaur and McDougall, 
1988; Kaur et al., 1989; Halbert et al., 1991). Alternatively, 
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MICA or MICB expressing cell lines may be generated from 
MICA or MICB transgenic mice crossed with an IMMOR 
TOMOUSE (Charles River Laboratories, Wilmington, 
Mass.). IMMORTOMOUSE is a mouse carrying a H-2 
Kb-tSA58 SV40 large T antigen transgene. The progeny of 
the croSS are Subjected to PCR analysis as generally 
described above to identify progeny carrying the transgene 
and are heterozygous for the MICA or MICB gene. The 
progeny carrying both transgenes (H-2. Kb-tSA58 SV40 
large Tantigen and MICA or MICB) are back-crossed to the 
MICA or MICB transgenic mice. The progeny of the back 
cross are subjected to PCR analysis to identify mice 
homozygous for the MICA or MICB transgene carrying the 
T antigen transgene. Cells from the resulting mice may be 
immortalized by culturing the cells at 33 C. in the presence 
of interferon. 

0258 Pharmaceutical Compositions 
0259 Where clinical applications are contemplated, it 
will be necessary to prepare pharmaceutical compositions 
vectors, MICA- or MICB-expressing cells, MICA or MICB 
polypeptides, sense and antisense MICA or MICB oligo 
nucleotides or constructs, or modulators of MICA or MICB 
expression-in a form appropriate for the intended applica 
tion. Generally, this will entail preparing compositions that 
are essentially free of pyrogens, as well as other impurities 
that could be harmful to humans or animals. 

0260 One will generally desire to employ appropriate 
salts and buffers to render delivery vectors stable and allow 
for uptake by target cells. Buffers also will be employed 
when recombinant cells are introduced into a patient. Aque 
ous compositions of the present invention comprise an 
effective amount of the vector to cells, dissolved or dis 
persed in a pharmaceutically acceptable carrier or aqueous 
medium. Such compositions also are referred to as inocula 
The phrase “pharmaceutically or pharmacologically accept 
able” refer to molecular entities and compositions that do 
not produce adverse, allergic, or other untoward reactions 
when administered to an animal or a human. AS used herein, 
“pharmaceutically acceptable carrier includes any and all 
Solvents, dispersion media, coatings, antibacterial and anti 
fungal agents, isotonic and absorption delaying agents and 
the like. The use of Such media and agents for pharmaceu 
tically active Substances is well known in the art. Except 
insofar as any conventional media or agent is incompatible 
with the vectors or cells of the present invention, its use in 
therapeutic compositions is contemplated. Supplementary 
active ingredients also can be incorporated into the compo 
Sitions. 

0261) The expression vectors and delivery vehicles of the 
present invention may include classic pharmaceutical prepa 
rations. Administration of these compositions according to 
the present invention will be via any common route So long 
as the target tissue is available via that route. This includes 
oral, nasal, buccal, rectal, vaginal or topical. Alternatively, 
administration may be by Orthotopic, intradermal, Subcuta 
neous, intramuscular, intraperitoneal or intravenous injec 
tion. Such compositions would normally be administered as 
pharmaceutically acceptable compositions, described Supra. 

0262 The active compounds may also be administered 
parenterally or intraperitoneally. Solutions of the active 
compounds as free base or pharmacologically acceptable 
Salts can be prepared in water Suitably mixed with a Surfac 
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tant, Such as hydroxypropylcellulose. Dispersions can also 
be prepared in glycerol, liquid polyethylene glycols, and 
mixtures thereof and in oils. Under ordinary conditions of 
Storage and use, these preparations contain a preservative to 
prevent the growth of microorganisms. 

0263. The pharmaceutical forms suitable for injectable 
use include Sterile aqueous Solutions or dispersions and 
Sterile powders for the extemporaneous preparation of Sterile 
injectable Solutions or dispersions. In all cases the form must 
be Sterile and must be fluid to the extent that easy Syring 
ability exists. It must be stable under the conditions of 
manufacture and Storage and must be preserved against the 
contaminating action of microorganisms, Such as bacteria 
and fungi. The carrier can be a Solvent or dispersion medium 
containing, for example, water, ethanol, polyol (for example, 
glycerol, propylene glycol, and liquid polyethylene glycol, 
and the like), Suitable mixtures thereof, and vegetable oils. 
The proper fluidity can be maintained, for example, by the 
use of a coating, Such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use 
of Surfactants. The prevention of the action of microorgan 
isms can be brought about by various antibacterial an 
antifungal agents, for example, parabens, chlorobutanol, 
phenol, Sorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, 
SugarS or Sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the use in 
the compositions of agents delaying absorption, for 
example, aluminum monoStearate and gelatin. 

0264. Sterile injectable solutions are prepared by incor 
porating the active compounds in the required amount in the 
appropriate Solvent with various of the other ingredients 
enumerated above, as required, followed by filtered Steril 
ization. Generally, dispersions are prepared by incorporating 
the various Sterilized active ingredients into a Sterile vehicle 
which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of Sterile powders for the preparation of Sterile 
injectable Solutions, the preferred methods of preparation 
are vacuum-drying and freeze-drying techniques which 
yield a powder of the active ingredient plus any additional 
desired ingredient from a previously Sterile-filtered Solution 
thereof. 

0265 AS used herein, “pharmaceutically acceptable car 
rier includes any and all Solvents, dispersion media, coat 
ings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The use of Such 
media and agents for pharmaceutical active Substances is 
well known in the art. Except insofar as any conventional 
media or agent is incompatible with the active ingredient, its 
use in the therapeutic compositions is contemplated. Supple 
mentary active ingredients can also be incorporated into the 
compositions. 

0266 For oral administration the polypeptides of the 
present invention may be incorporated with excipients and 
used in the form of non-ingestible mouthwashes and denti 
frices. A mouthwash may be prepared incorporating the 
active ingredient in the required amount in an appropriate 
solvent, such as a sodium borate solution (Dobell's Solu 
tion). Alternatively, the active ingredient may be incorpo 
rated into an antiseptic wash containing Sodium borate, 
glycerin and potassium bicarbonate. The active ingredient 
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may also be dispersed in dentifrices, including: gels, pastes, 
powders and slurries. The active ingredient may be added in 
a therapeutically effective amount to a paste dentifrice that 
may include water, binders, abrasives, flavoring agents, 
foaming agents, and humectants. 
0267 The compositions of the present invention may be 
formulated in a neutral or salt form. Pharmaceutically 
acceptable Salts include the acid addition Salts (formed with 
the free amino groups of the protein) and which are formed 
with inorganic acids Such as, for example, hydrochloric or 
phosphoric acids, or Such organic acids as acetic, oxalic, 
tartaric, mandelic, and the like. Salts formed with the free 
carboxyl groups can also be derived from inorganic bases 
Such as, for example, Sodium, potassium, ammonium, cal 
cium, or ferric hydroxides, and Such organic bases as iso 
propylamine, trimethylamine, histidine, procaine and the 
like. 

0268. Upon formulation, solutions will be administered 
in a manner compatible with the dosage formulation and in 
Such amount as is therapeutically effective. The formulations 
are easily administered in a variety of dosage forms Such as 
injectable Solutions, drug release capsules and the like. 
0269. For parenteral administration in an aqueous solu 
tion, for example, the solution should be suitably buffered if 
necessary and the liquid diluent first rendered isotonic with 
Sufficient Saline or glucose. These particular aqueous Solu 
tions are especially Suitable for intravenous, intramuscular, 
Subcutaneous and intraperitoneal administration. In this con 
nection, Sterile aqueous media which can be employed will 
be known to those of skill in the art in light of the present 
disclosure. For example, one dosage could be dissolved in 1 
ml of isotonic NaCl Solution and either added to 1000 ml of 
hypodermoclysis fluid or injected at the proposed site of 
infusion, (see for example, “Remington's Pharmaceutical 
Sciences' 15th Edition, pages 1035-1038 and 1570-1580). 
Some variation in dosage will necessarily occur depending 
on the condition of the Subject being treated. The perSon 
responsible for administration will, in any event, determine 
the appropriate dose for the individual Subject. Moreover, 
for human administration, preparations should meet Sterility, 
pyrogenicity, general Safety and purity Standards as required 
by FDA Office of Biologics. 
0270 Antibodies, ELISAs and Western Blots 
0271 1. Generation of Antibodies 
0272. In another aspect, the present invention contem 
plates binding agents that are immunoreactive with MICA, 
MICB, both MICA and MICB or any portion thereof. 
Binding agents include polyclonal or monoclonal antibodies 
and fragements thereof. In a preferred embodiment, an 
antibody is a monoclonal antibody. Such antibodies may 
form part of an immunodetection kit as described herein 
below. 

0273. An antibody of the present invention may be a 
bispecific antibody that is capable of recognizing both 
MICA and MICB. Multispecificity is a phenomenon that 
defines the ability of a Single antibody molecule to combine 
with different antigens. Although a single antibody molecule 
has a unique three dimensional Structure it can combine with 
the inducing antigenic determinant, determinants with Simi 
lar structures (cross-reacting antigens), and perhaps even 
determinants with quite disparate Structures. A stable anti 
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gen-antibody complex will result whenever there is a Suf 
ficient number of Short-range interactions regardless of the 
fit. Within the antigen-combining site, a lack of fit in one 
region can be compensated for by increased binding else 
where. 

0274. Means for preparing and characterizing antibodies 
are well known in the art (See, e.g., Harlow and Lane, 1988; 
incorporated herein by reference). More specific examples 
of monoclonal antibody preparation are given in the 
examples below. Briefly, a polyclonal antibody is prepared 
by immunizing an animal with an immunogen comprising a 
polypeptide of the present invention and collecting antisera 
from that immunized animal. A wide range of animal Species 
can be used for the production of antisera. Typically an 
animal used for production of anti-antisera is a non-human 
animal including rabbits, mice, rats, hamsters, pigs or 
horses. Because of the relatively large blood volume of 
rabbits, a rabbit is a preferred choice for production of 
polyclonal antibodies. 

0275. In certain embodiments, the antibodies generated 
in the animals above may be humanized. Humanized anti 
bodies are of an animal origin that have been modified, using 
genetic engineering techniques, to replace the constant 
region and/or variable region framework Sequences with 
human Sequences, while retaining the original antigen Speci 
ficity. Such antibodies are commonly derived from rodent 
e.g. murine, antibodies with Specificity for human antigens 
and are to be used for in Vivo therapeutic applications. This 
Strategy reduces the host response to foreign antibody and 
allows Selection of the human effector functions that are 
activated. Initially only the Fc regions of human antibodies 
were substituted but it is now possible to substitute all but 
the complementarity determining regions of the rodent anti 
body can be replaced by human Sequences. The skilled 
artisan is referred to Winter and Milstein (1991) for a more 
detailed description of generation of humanized antibodies. 

0276 Antibodies, both polyclonal and monoclonal, spe 
cific for the peptides or proteins of the present invention may 
be prepared using conventional immunization techniques, as 
will be generally known to those of skill in the art. A 
composition containing antigenic epitopes of the com 
pounds of the present invention can be used to immunize one 
or more experimental animals, Such as a rabbit, a mouse, a 
rat, a hamster, a guinea pig, a goat, a pig a horse etc., which 
will then proceed to produce Specific antibodies against the 
compounds of the present invention. Polyclonal antisera 
may be obtained, after allowing time for antibody genera 
tion, Simply by bleeding the animal and preparing Serum 
samples from the whole blood. 

0277. It is proposed that the polyclonal and monoclonal 
antibodies of the present invention will find useful applica 
tion in Standard immunochemical procedures, Such as 
ELISA and Western blot methods and in immunohis 
tochemical procedures Such as tissue Staining, as well as in 
other procedures which may utilize antibodies Specific to 
MICA or MICB related antigen epitopes. For example, such 
antibodies may be employed in antibody cloning protocols 
to obtain cDNAS or genes encoding MICA, MICB or related 
proteins. They may also be used in inhibition Studies to 
analyze the effects of MICA or MICB related peptides in 
cells or animals. Anti-MICA or MICB related antigen anti 
bodies will also be useful in immunolocalization studies to 
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analyze the distribution of MICA or MICB related peptides 
during various cellular events, for example, to determine the 
cellular or tissue-specific distribution of the MICA or MICB 
related peptide under different physiological conditions. A 
particularly useful application of Such antibodies is in puri 
fying native or recombinant MICA or MICB related peptide, 
for example, using an antibody affinity column. The opera 
tion of all Such immunological techniques will be known to 
those of skill in the art in light of the present disclosure. 
0278. Additionally, it is proposed that monoclonal anti 
bodies specific to the particular MICA or MICB alleles may 
be utilized in other useful applications. For example, their 
use in immunoabsorbent protocols may be useful in purify 
ing native or recombinant MICA or MICB isoforms or 
variants thereof AS is well known in the art, a given 
composition may vary in its immunogenicity. It is often 
necessary therefore to boost the host immune System, as may 
be achieved by coupling a peptide or polypeptide immuno 
gen to a carrier. Exemplary and preferred carriers are key 
hole limpet hemocyanin (KLH) and bovine serum albumin 
(BSA). Other albumins such as ovalbumin, mouse serum 
albumin or rabbit Serum albumin can also be used as 
carriers. Means for conjugating a polypeptide to a carrier 
protein are well known in the art and include glutaraldehyde, 
m-maleimidobencoyl-N-hydroxySuccinimide ester, carbodi 
imide and bis-biazotized benzidine. 

0279 AS is also well known in the art, the immunoge 
nicity of a particular immunogen composition can be 
enhanced by the use of non-specific Stimulators of the 
immune response, known as adjuvants. Exemplary and 
preferred adjuvants include complete Freund's adjuvant (a 
non-specific Stimulator of the immune response containing 
killed Mycobacterium tuberculosis), incomplete Freund's 
adjuvants and aluminum hydroxide adjuvant. 
0280 The amount of immunogen composition used in 
the production of polyclonal antibodies varies upon the 
nature of the immunogen as well as the animal used for 
immunization. A variety of routes can be used to administer 
the immununogen (Subcutaneous, intramuscular, intrader 
mal, intravenous and intraperitoneal). The production of 
polyclonal antibodies may be monitored by Sampling blood 
of the immunized animal at various points following immu 
nization. A Second, booster, injection may also be given. The 
process of boosting and titering is repeated until a Suitable 
titer is achieved. When a desired level of immunogenicity is 
obtained, the immunized animal can be bled and the Serum 
isolated and Stored, and/or the animal can be used to 
generate mabs. 
0281 mAbs may be readily prepared through use of 
well-known techniques, Such as those exemplified in U.S. 
Pat. No. 4,196,265, incorporated herein by reference. Typi 
cally, this technique involves immunizing a Suitable animal 
with a Selected immunogen composition, e.g., a purified or 
partially purified MICA or MICB protein, polypeptide or 
peptide or cell expressing high levels of MICA or MICB. 
The immunizing composition is administered in a manner 
effective to Stimulate antibody producing cells. Rodents 
Such as mice and rats are preferred animals, however, the use 
of rabbit, and Sheep cells is also possible. The use of rats 
may provide certain advantages (Goding, 1986), but mice 
are preferred, with the BALB/c mouse being most preferred 
as this is most routinely used and generally gives a higher 
percentage of Stable fusions. 
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0282 Following immunization, somatic cells with the 
potential for producing antibodies, Specifically B-lympho 
cytes (B-cells), are Selected for use in the mab generating 
protocol. These cells may be obtained from biopsied 
Spleens, tonsils or lymph nodes, or from a peripheral blood 
Sample. Spleen cells and peripheral blood cells are preferred, 
the former because they are a rich Source of antibody 
producing cells that are in the dividing plasmablast Stage, 
and the latter because peripheral blood is easily accessible. 
Often, a panel of animals will have been immunized and the 
spleen of animal with the highest antibody titer will be 
removed and the Spleen lymphocytes obtained by homog 
enizing the Spleen with a Syringe. Typically, a spleen from an 
immunized mouse contains approximately 5x10" to 2x10 
lymphocytes. 
0283 The antibody-producing B lymphocytes from the 
immunized animal are then fused with cells of an immortal 
myeloma cell, generally one of the same Species as the 
animal that was immunized. Myeloma cell lines Suited for 
use in hybridoma-producing fusion procedures preferably 
are non-antibody-producing, have high fusion efficiency, 
and enzyme deficiencies that render then incapable of grow 
ing in certain Selective media which Support the growth of 
only the desired fused cells (hybridomas). 
0284 Any one of a number of myeloma cells may be 
used, as are known to those of skill in the art (Goding, 1986; 
Campbell, 1984). For example, where the immunized ani 
mal is a mouse, one may use P3-X63/Ag8, P3-X63 
Ag8.653, NS1/1. Ag 41, Sp210-Ag14, FO, NSO/U, MPC 
11, MPC11-X45-GTG 1.7 and S194/SXXO Bul; for rats, one 
may use R210. RCY3, Y3-Ag 1.2.3, IR983F and 4B210; and 
U-266, GM1500-GRG2, LICR-LON-HMy2 and UC729-6 
are all useful in connection with cell fusions. 

0285 Methods for generating hybrids of antibody-pro 
ducing Spleen or lymph node cells and myeloma cells 
usually comprise mixing Somatic cells with myeloma cells 
in a 2:1 ratio, though the ratio may vary from about 20:1 to 
about 1:1, respectively, in the presence of an agent or agents 
(chemical or electrical) that promote the fusion of cell 
membranes. Fusion methods using Sendai virus have been 
described (Kohler and Milstein, 1975; 1976), and those 
using polyethylene glycol (PEG), such as 37% (v/v) PEG, 
by Gefter et al., (1977). The use of electrically induced 
fusion methods is also appropriate (Goding, 1986). 
0286 Fusion procedures usually produce viable hybrids 
at low frequencies, around 1x10 to 1x10. However, this 
does not pose a problem, as the viable, fused hybrids are 
differentiated from the parental, unfused cells (particularly 
the unfused myeloma cells that would normally continue to 
divide indefinitely) by culturing in a selective medium. The 
Selective medium is generally one that contains an agent that 
blocks the de novo Synthesis of nucleotides in the tissue 
culture media. Exemplary and preferred agents are aminop 
terin, methotrexate, and azaserine. Aminopterin and meth 
otrexate block de novo Synthesis of both purines and pyri 
midines, whereas azaserine blocks only purine Synthesis. 
Where aminopterin or methotrexate is used, the media is 
Supplemented with hypoxanthine and thymidine as a Source 
of nucleotides (HAT medium). Where azaserine is used, the 
media is Supplemented with hypoxanthine. 
0287. The preferred selection medium is HAT. Only cells 
capable of operating nucleotide Salvage pathways are able to 
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survive in HAT medium. The myeloma cells are defective in 
key enzymes of the Salvage pathway, e.g., hypoxanthine 
phosphoribosyl transferase (HPRT), and they cannot sur 
vive. The B-cells can operate this pathway, but they have a 
limited life Span in culture and generally die within about 
two weeks. Therefore, the only cells that can survive in the 
Selective media are those hybrids formed from myeloma and 
B-cells. 

0288 This culturing provides a population of hybridomas 
from which specific hybridomas are Selected. Typically, 
Selection of hybridomas is performed by culturing the cells 
by Single-clone dilution in microtiter plates, followed by 
testing the individual clonal Supernatants (after about two to 
three weeks) for the desired reactivity. The assay should be 
Sensitive, Simple and rapid, Such as radioimmunoassays, 
enzyme immunoassays, cytotoxicity assays, plaque assays, 
dot immunobinding assays, and the like. 

0289. The selected hybridomas would then be serially 
diluted and cloned into individual antibody-producing cell 
lines, which clones can then be propagated indefinitely to 
provide mabs. The cell lines may be exploited for mAb 
production in two basic ways. A Sample of the hybridoma 
can be injected (often into the peritoneal cavity) into a 
histocompatible animal of the type that was used to provide 
the Somatic and myeloma cells for the original fusion. The 
injected animal develops tumors Secreting the Specific 
monoclonal antibody produced by the fused cell hybrid. The 
body fluids of the animal, Such as Serum or ascites fluid, can 
then be tapped to provide mabs in high concentration. The 
individual cell lines could also be cultured in vitro, where 
the mabs are naturally Secreted into the culture medium 
from which they can be readily obtained in high concentra 
tions. mAbs produced by either means may be further 
purified, if desired, using filtration, centrifugation and Vari 
ous chromatographic methods such as f PLC or affinity 
chromatography. 

0290 2. The Use of ELISAS and Western Blots to Screen 
for MICA, MICB and Related Polypeptides 
0291. The antibodies of the present invention can be used 
in characterizing the MICA and MICB content of healthy 
and diseased tissues by detection of MICA and/or MICB 
directly on the Surface of cells and through techniques Such 
as ELISAS and Western blotting. 
0292. The use of antibodies of the present invention, in an 
ELISA assay is contemplated. MICA, MICB or antigenic 
Sequences derived therefrom are immobilized onto a 
Selected Surface, preferably a Surface exhibiting a protein 
affinity Such as the Wells of a polystyrene microtiter plate. 
After Washing to remove incompletely adsorbed material, it 
is desirable to bind or coat the assay plate wells with a 
nonspecific protein that is known to be antigenically neutral 
with regard to the test antisera Such as bovine Serum albumin 
(BSA), casein or solutions of powdered milk. This allows for 
blocking of nonspecific adsorption sites on the immobilizing 
Surface and thus reduces the background caused by nonspe 
cific binding of antisera onto the Surface. 
0293. After binding of antigenic material to the well, 
coating with a non-reactive material to reduce background, 
and washing to remove unbound material, the immobilizing 
Surface is contacted with the antisera or clinical or biological 
extract to be tested in a manner conducive to immune 
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complex (antigen/antibody) formation. Such conditions 
preferably include diluting the antisera with diluents Such as 
BSA, bovine gamma globulin (BGG) and phosphate buff 
ered saline (PBS)/TWEEN. These added agents also tend to 
assist in the reduction of nonspecific background. The 
layered antisera is then allowed to incubate for from about 
2 to about 4 hr, at temperatures preferably on the order of 
about 25 to about 27 C. Following incubation, the antisera 
contacted Surface is washed So as to remove non-immuno 
complexed material. A preferred Washing procedure 
includes washing with a solution such as PBS/TWEEN, or 
borate buffer. 

0294 Following formation of specific immunocom 
plexes between the test Sample and the bound antigen, and 
Subsequent Washing, the occurrence and even amount of 
immunocomplex formation may be determined by Subject 
ing Same to a Second antibody having Specificity for the first. 
To provide a detecting means, the Second antibody will 
preferably have an associated enzyme that will generate a 
color development upon incubating with an appropriate 
chromogenic Substrate. Thus, for example, one will desire to 
contact and incubate the antisera-bound Surface with a 
urease or peroxidase-conjugated anti-human IgG for a 
period of time and under conditions which favor the devel 
opment of immunocomplex formation (e.g., incubation for 2 
hr at room temperature in a PBS-containing Solution Such as 
PBS/TWEEN). 
0295) After incubation with the second enzyme-tagged 
antibody, and Subsequent to Washing to remove unbound 
material, the amount of label is quantified by incubation with 
a chromogenic Substrate Such as urea and bromocreSol 
purple or 2,2'-azino-di-(3-ethyl-benzthiazoline)6-sulfonic 
acid (ABTS) and H2O, in the case of peroxidase as the 
enzyme label. Quantitation is then achieved by measuring 
the degree of color generation, e.g. using a visible spectrum 
Spectrophotometer. 

0296. The antibodies of the present invention are particu 
larly useful for the isolation of antigens by immunoprecipi 
tation. Immunoprecipitation involves the Separation of the 
target antigen component from a complex mixture, and is 
used to discriminate or isolate minute amounts of protein. 
For the isolation of membrane proteins cells must be solu 
bilized into detergent micelles. Nonionic Salts are preferred, 
Since other agents Such as bile Salts, precipitate at acid pH 
or in the presence of bivalent cations. 
0297. In an alternative embodiment the antibodies of the 
present invention are useful for the close juxtaposition of 
two antigens. This is particularly useful for increasing the 
localized concentration of antigens, e.g., enzyme-SubStrate 
paIrS. 

0298 The compositions of the present invention will find 
great use in immunoblot or Western blot analysis. The 
antibodies may be used as high-affinity primary reagents for 
the identification of proteins immobilized onto a Solid Sup 
port matrix, Such as nitrocellulose, nylon or combinations 
thereof. In conjunction with immunoprecipitation, followed 
by gel electrophoresis, these may be used as a Single Step 
reagent for use in detecting antigens against which Second 
ary reagents used in the detection of the antigen cause an 
adverse background. This is especially useful when the 
antigens Studied are immunoglobulins (precluding the use of 
immunoglobulins binding bacterial cell wall components), 
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the antigens Studied croSS-react with the detecting agent, or 
they migrate at the same relative molecular weight as a 
croSS-reacting Signal. 
0299 Immunologically-based detection methods for use 
in conjunction with Western blotting include enzymatically-, 
radiolabel-, or fluorescently-tagged Secondary antibodies 
against the toxin moiety are considered to be of particular 
use in this regard. 
0300 3. Immunodetection Kits 
0301 In still further embodiments, the present invention 
concerns immunodetection kits for use with the immunode 
tection methods described above. AS the encoded proteins or 
peptides may be employed to detect antibodies and the 
corresponding antibodies may be employed to detect 
encoded proteins or peptides, either or both of Such com 
ponents may be provided in the kit. The immunodetection 
kits will thus comprise, in Suitable container means, an 
encoded protein or peptide, or a first antibody that binds to 
an encoded protein or peptide, and an immunodetection 
reagent. 

0302) In certain embodiments, the encoded protein or 
peptide, or the first antibody that binds to the encoded 
protein or peptide, may be bound to a Solid Support, Such as 
a column matrix or well of a microtiter plate. 
0303. The immunodetection reagents of the kit may take 
any one of a variety of forms, including those detectable 
labels that are associated with or linked to the given antibody 
or antigen, and detectable labels that are associated with or 
attached to a Secondary binding ligand. Exemplary Second 
ary ligands are those Secondary antibodies that have binding 
affinity for the first antibody or antigen, and Secondary 
antibodies that have binding affinity for a human antibody. 
0304 Further suitable immunodetection reagents for use 
in the present kits include the two-component reagent that 
comprises a Secondary antibody that has binding affinity for 
the first antibody or antigen, along with a third antibody that 
has binding affinity for the second antibody, the third anti 
body being linked to a detectable label. 
0305 The kits may further comprise a suitably aliquoted 
composition of the encoded protein or polypeptide antigen, 
whether labeled or unlabeled, as may be used to prepare a 
Standard curve for a detection assay. 
0306 The kits may contain antibody-label conjugates 
either in fully conjugated form, in the form of intermediates, 
or as Separate moieties to be conjugated by the user of the 
kit. The components of the kits may be packaged either in 
aqueous media or in lyophilized form. 

0307 The container means of the kits will generally 
include at least one Vial, test tube, flask, bottle, Syringe or 
other container means, into which the antibody or antigen 
may be placed, and preferably, Suitably aliquoted. Where a 
Second or third binding ligand or additional component is 
provided, the kit will also generally contain a Second, third 
or other additional container into which this ligand or 
component may be placed. The kits of the present invention 
will also typically include a means for containing the 
antibody, antigen, and any other reagent containers in close 
confinement for commercial Sale. Such containers may 
include injection or blow-molded plastic containers into 
which the desired vials are retained. 
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EXAMPLES 

0308 The following examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of Skill in the art that the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the Specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the Spirit and Scope of the invention. 

Example 1 

Characterization of the Expression of a Cell Stress 
Regulated Human MHC Class I Gene 

0309) 1. Materials and Methods 
0310 DNA clones and constructs, cell lines and trans 
fections. The cDNA hybrid constructs were made in con 
secutive StepS using the primer Overlap-extension technique 
and PCR (Horton et al., 1996), with MICA and mouse H-K 
and House H-D' cDNA templates (Waneck et al., 1987). 
Error-free cDNA hybrids were identified by sequencing, 
subcloned into RSV.5neo and stably transfected into C1R 
cells (Alexander et al., 1990) by electroporation as described 
(Grandea et al., 1995). Using the same procedure and 
conditions, lymphoblastoid cell line (LCL) mutants Daudi 
(Arce-Gomez et al., 1978) and 5.2.4 (Mellins et al., 1991) 
were transfected with MICA cDNA in RSV.5neo and stable 
transfectants were selected with G418 (Gibco, 0.5 and 0.1 
mg/ml, respectively). Mouse LTK fibroblasts were trans 
fected with cosmid M32A (Spies et al., 1989) using LIPO 
FECTIN (GIBCO BRL, Gaithersburg, Md.) and were 
selected with G418 (1 mg/ml). In all transfection experi 
ments, Stable positive isolates were identified by indirect 
immunofluorescence Stainings with Specific monoclonal 
antibodies purified from ascites or from hybridoma Super 
natants and flow cytometry using a FACScan (Becton Dick 
inson, Immunocytochemistry, San Jose, Calif.) and, when 
necessary, cloned by limiting dilution. MICA-D' and -K 
hybrid molecules on C1R transfectant cells were detected 
with mABs 28-14-8 (anti-D, C3) and Y3 (anti-K C.1C2), 
respectively (Ozato and Sachs, 1980, Hammerling et al., 
1982). The HT-29 colon carcinoma and U-373 astrocytoma 
cell lines were from the American Type Culture Collection 
(Rockville, Md.). Cell lines were grown in RPMI supple 
mented with 10% fetal calf serum, 10 mM N-2-hydroxy 
ethylpeperazine-N'-2-ethane Sulphonic acid (Hepes), 2 mM 
glutamine and antibiotics. 
0311 Production of monoclonal antibodies. RBF/DnJ 
mice (The Jackson Laboratories; Bar Harbor, Me.) were 
injected intraperitoneally three times at Weekly intervals 
with 10 C1R cells expressing MICA mRNA after stable 
transfection with MICA cDNA in RSV.5neo. After a final 
boost immunization, isolated Splenocytes in Suspension 
were fused with P3-X63Ag8.653 myeloma cells (Kearney et 
al., 1979) by standard polyethylene glycol treatment (Har 
low and Lane, 1988). Hybridomas were grown in RPMI 
media with 10% of each CPSR-3 heat inactivated serum 
replacement controlled process type 3 (Sigma, St. Louis, 
Mo.) and Hybridoma Enhancing Supplement conditioned 
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cultured medium from a murine lymphoma cell line (Sigma, 
St. Louis, Mo.) in 96-well plates under HAT (hypoxanthine 
aminopterin thymidine) selection on irradiated MRC-5 
feeder cells (Harlow and Lane, 1988). Supernatants were 
differentially screened for specific reactivity with C1R 
MICA cells versus untransfected C1R cells by indirect 
immunofluorescence and flow cytometry. Hybridomas from 
positive wells were subcloned twice. The isolated mABs 56, 
83 and 2C10 are of the IgG2a, IgG1 and IgG3 isotypes, 
respectively. 
0312 Labeling, immunoprecipitation and detection of 
MICA. For surface labeling, washed cells in phosphate 
buffered saline (PBS) were biotinylated with Sulfo-NHS 
LC-biotin (Pierce Chemical Co., Rockford, Ill.) (100 tug/ml) 
for 30 min at 4 C. and reactions quenched by addition of 25 
mM lysine. 1-3x10" cells were lysed in 1 millysis buffer1% 
Triton X-100, 50 mM Tris-OH (pH 7.4), 150 mM NaCl, 5 
mM EDTA, 5 mM iodoacetamide, protease inhibitors). 
Protein in cleared Supernatants was quantitated with a 
MicroBCA kit (Pierce, Chemical Co., Rockford, Ill.) and 
lysates were precleared using ULTRALINK-Protein A/G 
beads (Pierce Chemical Co.). MICA was precipitated with 
purified mAB 56 and protein A/G beads and immunocom 
plexes washed. Aliquots were treated with N-glycanase 
(PNGase F, New England Biolabs Inc., Beverly, Mass.) as 
recommended by the manufacturer. Dissociated and dithio 
threitol-reduced immunocomplexes were separated by SDS 
polyacrylamide gel electrophoresis (SDS-PAGE) and elec 
troblotted onto nitrocellulose using a Trans-Blot Semi-Dry 
Transfer Cell (Bio-Rad, Laboratories, Inc., Hercules, Calif.). 
After overnight incubation of membranes in PBS containing 
10% dry nonfat milk, 0.05% TWEEN 20 and 0.02% Na 
azide, they were repeatedly washed in TST 0.15 M NaCl, 
10 mM Tris-OH (pH 74), 0.3% TWEEN 20 and reacted 
with avidin-horseradish peroxidase (Vector Laboratories 
Inc., Burlingame, Calif.) in TST (2.5ug/ml) for 1 hour at 4 
C. Membranes washed with TST were treated with ECL 
enhanced chemiluminescent reagent (Amersham, Life Sci 
ence, Arlington Heights, Ill.) and exposed to X-ray film. For 
pulse-labeling and chase, 5x10" cells per time point were 
labeled with 0.5 mCi Smethionine for 5 min. as 
described (Grandea et al., 1995). For chase, cells were spun 
through PBS with 10 mM methionine and resuspended in 
growth media for the indicated time periods. Cells were 
lysed, and MICA protein was precipitated using mAB2C10 
as described above. Isolated and denatured MICA was 
treated with endoglycosidase H (Endo H, New England 
Biolabs) as recommended by the manufacturer and analysed 
by SDS-PAGE. Fixed gels were treated with AMPLIFY 
(Amersham) and dried for autoradiography. 
0313 Tissues and Immunohistology. Tissue samples 
from autopsies, biopsies or Surgical Specimens were embed 
ded in TISSUE-TEK II O.C.T compound, a specimen matrix 
for cryostat sectioning (VWR Scientific Products, West 
Chester, Pa.) and frozen in liquid N-precooled methylbu 
tane. Cryostat 4 um Sections mounted on poly L-lysine 
coated slides were air-dried, fixed in cold acetone and 
overlaid with purified primary mAB appropriately diluted in 
staining buffer (PBS with 2% goat and 2% human serum, 
0.1% TWEEN-20). After overnight incubation at 4° C., 
Slides were washed and overlaid with fluorescein-conju 
gated goat F(ab') anti-mouse IgG (Tago Inc., Burlingame, 
Calif.) diluted 1:150 in staining buffer. Coverslipped sec 
tions were examined by confocal immunofluorescence 
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microScopy. For the double-stainings nuclei were Visualized 
with propidium iodide. The epithelial desmosomal cadherin 
desmoglein-I was detected with biotinylated mAB DG3.10 
(Schmidt et al., 1994) (Progen, Heidelberg, Germany) and 
Texas Red-conjugated Streptavidin as the Second layer. 
Autopsy tissue Specimens included brain, heart, lung, thy 
roid, liver, kidney, Skin, adrenal gland, placenta, tonsil and 
spleen and were obtained from Swedish Hospital (Seattle, 
Wash.). Gastric and Small and large intestinal biopsy speci 
men were kindly provided by D. Levine (University of 
Washington Medical Center, Seattle, Wash.). Thymus speci 
mens from corrective infant cardiac Surgery were kindly 
provided by D. Hall and F. Lupinetti (Children's Hospital, 
Seattle, Wash.). For antibody staining and flow cytometry 
analysis, thymocyte Suspensions were prepared by passing 
minced tissue through wire mesh. Peripheral blood mono 
nuclear cells from randomly Selected donors were isolated 
by density gradient centrifugation through Ficoll-Hypadue 
(Pharmacia). 
0314 Promoter mapping and sequencing, RNA blot 
hybridization and heat shock induction. MICA and MICB 
eXOn 1 and promoter Sequences were mapped to 5.9 kilo 
bases (kb) Xho I/Kpn I and 0.6 kb Bam HI/Bgl II fragments 
of the cosmids M32A and R5A, respectively, by blot hybrid 
ization with a 'PdCTP-labeled exon 1-derived oligo 
nucleotide (Bahram et al., 1994). Sequences were obtained 
by dideoxynucleotide chain-termination from the double 
Stranded templates using the eXOn 1 oligonucleotide and 
upstream primers, 3SldATP and SEQUENASE, T7 DNA 
polymerase (United States Biochemical, Cleveland, Ohio). 
RNA extractions, electrophoresis (20 ug/lane), blot transfers 
and hybridizations with 'PdCTP-labeled DNA probes 
were according to standard protocols (Sambrook et al., 
1989). The HLA-B-specific probe was the 885 base-pair 
(bp) Xba I fragment from the genomic clone B7-14 (Barbosa 
et al., 1982). The human HSP70 probe was a 2.3 kb Bam 
HI/Hind III genomic DNA fragment (Wu et al., 1985). For 
heat shock treatment, HeLa cells grown in petri dishes were 
floated on a 42 water bath for various periods of time. 

0315 2. Results and Discussion 
0316 The substantial divergence of the MICA amino 
acid Sequence translated from cloned genomic and corre 
sponding complementary DNA (cDNA) from all class I 
Sequences indicated that none of the available anti-class I 
antibody reagents could be expected to recognize this puta 
tive gene product (Bahram et al., 1994). The inventors 
initially chose an indirect approach to monitor expression of 
MICA, by transfecting C1R cells with hybrid clNA con 
structs in which all domain sequences of MICA were 
variously substituted with corresponding mouse H2-K or 
-D Sequences encoding epitopes recognized by defined 
monoclonal antibodies (mABs). 
0317 Indirect immunofluorescence stainings with the 
mABs Y3 (anti-K C.1C.2) or 28-14-8 (anti-D' C.3) (Ham 
merling et al., 1982) and flow cytometry revealed that all of 
the epitope-tagged hybrid molecules were present at Sub 
Stantial levels on the Surfaces of the Stably transfected cells. 
This indicated that the MICA cDNA encoded a class I-like 
membrane-anchored cell Surface protein, thereby providing 
the necessary rationale for the further investigation of the 
expression of MICA. To obtain reagents suitable for diverse 
experimental applications, Specific mABS were generated 
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after immunizing mice with C1R cells transfected with the 
MICA cl)NA and differentially screening hybridoma Super 
natants by indirect immunofluorescence and flow cytometry. 
The isolated mABs 56, 83 and 2C10 bound to C1R-MICA 
transfectant cells but not to untransfected C1R cells and 
were not cross-reactive with putative MICB on multiple 
independent C1R-MICB clNA transfectants. The indirect 
immunofluorescence Studies showed that large amounts of 
MICA were present on the surfaces of C1R-MICA, LTK 
MICA, mutant 5.2.4-MICA (TAP) and Daudi-MICA 
(Bm) cells, as well as on HT29 colon carcinoma and U373 
astrocytoma cell lines. 
0318. To analyse MICA molecules, immunoprecipita 
tions were performed with mAB 56 from lysates of Surface 
biotinylated C1R-MICA and C1R control cells. Samples 
were treated with N-glycanase or left untreated. After SDS 
polyacrylamide gel electrophoresis (SDS-PAGE) and trans 
fer onto nitrocellulose, biotin-labeled protein was detected 
with avidin-peroxidase and chemiluminescent reagent. With 
N-glycanase digestion, a Single compact band of 43 kDa was 
evident from C1R-MICA transfectants, which was missing 
in the C1R negative control and matched the predicted 
molecular mass of the MICA polypeptide (Bahram et al., 
1994). It showed the same electrophoretic mobility as gly 
cosylated HLA-C isolated with mAB W6/32 from C1R 
MICA (HLA-A, B) cell lysate (Alexander et al., 1990, 
Parham et al., 1979). Without N-glycanase digestion, the 
inventors detected a broadband in the 65-75 kDa molecular 
mass range. Thus, bona fide MICA molecules were 
expressed on the surfaces of C1R-MICA cells and were 
highly glycosylated, consistent with the 8 potential N-gly 
cosylation acceptor Sites in the C.1C2C3 domain Sequences 
of MICA (Bahram et al., 1994). This distinguished MICA 
from all conventional and nonclassical MHC class I mol 
ecules, which have a single glycosylation site at position 86 
in the all domain that is not conserved in MICA (Bjorkman 
and Parham, 1990; Bahram et al., 1994). Similar results 
were obtained using mABS 83 and 2C10, of which the 
former reacted less efficiently in these experiments, and with 
mouse LTK cells transfected with a coSmid encoding the 
MICA gene. 
03.19. The subunit composition and transport of MICA 
molecules was investigated using C1R-MICA cells and 
mutant lymphoblastoid cell line Daudi (BM) and 5.2.4 
(TAP (Arce-Gomez et al., 1978, Mellins et al., 1991) cells 
transfected with the MICA cl)NA. Immunoprecipitation 
with the anti-human BM mAB BBM1 (Parham et al., 1983) 
coprecipitated HLA-C but not MICA from lysates of Sur 
face-labeled C1R-MICA cells. Moreover, C1R-MICA and 
untransfected C1R cells showed the same fluorescence 
intensity after staining with mAB BBM1 and Daudi-MICA 
cells displayed large amounts of Surface MICA, as observed 
by staining with mAB 56 and by immunoprecipitation of 
surface-labeled MICA molecules. In further support of these 
results, no fM was coprecipitated with MICA from lysates 
of metabolically labeled C1R-MICA cells using mAB2C10, 
and newly synthesized MICA molecules were transported 
through the Golgi and matured at Similar rates in C1R 
MICA and Daudi-MICA cells, as determined by metabolic 
pulse-labeling and chase and by treatment of immunopre 
cipitated proteins with endoglycosidase H before SDS 
PAGE. A comparison of immunoprecipitated protein treated 
with endoglycosidase H and untreated immunoprecipitated 
protein was carried out to measure the acquisition of cleav 
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age-resistant complex-type carbohydrates during transport 
in Golgi vehicles. Thus, unlike all other MHC class I and 
related molecules, MICA molecules were not associated 
with B.M. Moreover, normal surface levels of MICA were 
also observed with 5.2.4-MICA cells, which lack the TAP 
peptide transporter that Supplies the peptides mainly bound 
by class I molecules from the cytosol into the lumen of the 
endoplasmic reticulum (Mellins et al., 1991, Spies et al., 
1990, Lehner and Cresswell, 1996). Thus, distinct from most 
conventional MHC class I molecules, the transport and 
apparently stable Surface expression of MICA was indepen 
dent of cytosolic peptide ligands-a characteristic shared 
with the mouse nonclassical MHC class IT10, T22 and TL 
molecules as well as with human CD1b and CD1d (Schild 
et al., 1994, Weintraub et al., 1994, Kaliyaperumal et al., 
1995, Holcombe et al., 1995). 
0320 These results and the previously observed 
restricted transcription of the MICA gene in epithelial cell 
lines raised the question of the tissue distribution of MICA 
(Bahram et al., 1994). Indirect immunofluorescence stain 
ings using mABS 56 and 83 confirmed the complete absence 
of MICA on the surfaces of B-, T. and monocyte cell lines 
and on freshly isolated peripheral blood mononuclear cells 
and thymocytes. Variable amounts of MICA were detected 
on epithelial tumor cell lines such as HT29 colon carcinoma 
and U373 astrocytoma cells, as indicated by antibody bind 
ing and flow cytometry and by immunoprecipitation of the 
Surface-labeled protein. On Some epithelial cell lines, Sur 
face MICA was low or undetectable despite the presence of 
similar amounts of MICA mRNA in all of the cell lines 
tested (Bahram et al., 1994). This discrepancy may suggest 
that the posttranslational processing and transport of MICA 
molecules was dependent on factors that were limited or 
missing in these cell lines and that were different from those 
required for the normal processing of conventional class I 
molecules (Lehner and Cresswell, 1996). 
0321) The tissue distribution of MICA was examined by 
immunofluorescence microscopy of mAB83 and FITC-goat 
F(ab') anti-mouse IgG-Stained cryoSections. Most of the 
tissues were negative for binding of mAB 83. These 
included brain, heart, lung, thyroid, liver, kidney, Skin, 
adrenal gland, placenta, tonsil and Spleen. Strongly positive 
Staining was seen in gastric and in Small and large intestinal 
mucosa biopsies from Several individuals and was confined 
to Surface and glandular epithelial cells. In intestinal epi 
thelium, fluorescent cells lined the villi but were not appar 
ent in the undifferentiated crypts. Notably, the observed 
Staining was often discontinuous, with variably sized inter 
spersed areas of nonfluorescent epithelium, which occasion 
ally included single fluorescent cells. IgG1 matched-isotype 
controls and Stainings of dog intestinal mucosa Sections gave 
negative results. In specimens of infant thymus, mAB 83 
Stained a population of Stellate cells in the Subcapsular 
cortex, which were epithelial cells because they were posi 
tive for the desmoglein-I epithelial cell marker (Schmidt et 
al., 1994). 
0322 The remarkably restricted and varied expression of 
MICA in intestinal epithelium Suggested an unusual tran 
Scriptional regulation of the MICA gene. 5'-end flanking 
region sequences of MICA and MICB upstream of their 
translation initiation codons were derived from mapped 
coSmid fragments. Both Sequences were unrelated to the 
transcriptional control regions of conventional class I genes. 

Sep. 4, 2003 

They contained heat shock elements defined in HSP70 genes 
and Shared further nucleotide Sequence homologies with the 
human HSP70 promoter (Hunt and Morimoto, 1985). Nota 
bly, MICA and MICB are closely linked to HSP70 genes in 
the MHC (Sargent et al., 1989, Spies et al., 1989). 
0323 The HSP70 sequence contains a consensus heat 
shock element that is almost perfectly matched by MICA 
and MICB promoter sequences (Hunt and Morimoto, 1985, 
Morimoto, 1993). Increased steady-state levels of MICA and 
MICB mRNA in Hela cells after heat shock, as indicated by 
RNA blot hybridizations with a labeled MICA cDNA probe. 
MICB mRNA of 2.4 kb is larger than MICA mRNA due to 
a longer 3'-untranslated region (Bahram and Spies, 1996). 
Heat shock induction at 42 C. for increasing periods of time 
and kinetics of induction after a 1-hour exposure to 42 C. 
were studied. In both experiments, the kinetics of HSP70 
mRNA induction were very similar. Blots hybridized with 
the HSP70 probe were exposed to film for much shorter 
time. Control HLA-B mRNA remained unaltered in these 
experiments. 

0324 Exposure of Hela cells to heat shock resulted in 
moderate and Substantial increases of the Steady-state levels 
of MICA and MICB mRNA, respectively, with induction 
kinetics that were similar to data obtained in parallel for 
HSP70 mRNA as measured by RNAblot hybridization with 
a labeled MICA clDNA probe control HLA-B mRNA 
remained unaltered. Because these results were obtained 
with rapidly proliferating tissue culture cells in which MICA 
but not MICB is constitutively transcribed at a significant 
rate (Bahram et al., 1994), they may quantitatively under 
estimate the induction of MICA mRNA in quiescent gas 
trointestinal epithelial cells in which the MICA gene 
appeared not to be constitutively expressed. This deregu 
lated transcription of the MICA gene in epithelial cell lines 
with resultant intermediate or high Surface expression of 
MICA and the only moderate mRNA induction may at least 
partially explain why the inventors repeated attempts with 
various cell lines to detect increased Surface levels of MICA 
after heat shock treatment were unsuccessful at the time. 
This was however SuSequently shown as described herein 
below. Because heat shock is one condition that triggers the 
general cell StreSS response, the results argue that MICA and 
more obviously MICB are cell Stress response genes (Craig 
and Gross, 1991, Morimoto, 1993). 
0325 In summary, these results demonstrate the surface 
expression of a previously unrecognized human MHC class 
I molecule with unusual Structural and biological character 
istics. The expression of MICA without associated BM, 
independent of TAP and almost exclusively in gastrointes 
tinal epithelium is unique among all class I-like molecules 
although partial Similarities exist among the mouse nonclas 
sical MHC class I T10", T22 and TL, molecules and human 
CD1b and CD1d (Schild et al., 1994, Weintraub et al., 1994, 
Kaliyaperumal et al., 1995, Porcelli et al., 1992, Hanau et al., 
1994, Balk et al., 1994). 
0326 Unlike certain class I-related molecules that are 
encoded outside the MHC and have conserved functions not 
associated with T-cell recognition (Araki et al., 1988, Simis 
ter and Mostov, 1989), the characteristics of the MHC class 
I MICA and putative MICB molecules imply that these are 
recognized by a Subset of T-cells in gastrointestinal epithe 
lium in an interaction that is probably independent of 
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conventional MHC class I antigen processing. This is Sup 
ported by the expression of MICA in thymic cortical epi 
thelial cells, Suggesting a possible role of MICA in T-cell 
Selection, and by the existence of a minimum of 16 allelic 
variants with clustered amino acid Substitutions in the 
C.1C2C3 domains of MICA (Bahram et al., 1994). Because 
the expression of MICA and putative MICB is to some 
degree coupled to cell StreSS, these molecules could be 
recognized alone or possibly complexed with ligands 
derived from heat shock proteins. 
0327 In human intestinal epithelium, the mono- or oli 
goclonal expansion of T-cells with Yé (Vol) or C. B T-cell 
receptors are unexplained phenomena (Deusch et al., 1991, 
Van Kerckhove et al., 1992, Chowers et al., 1994, Gross et 
al., 1994). However, stimulation of these T-cells by autolo 
gous antigens that may be StreSS-induced has been postu 
lated (Van Kerckhove et al., 1992, Gross et al., 1994, 
Kagnoff, 1993). Thus, MICA and possibly MICB may 
represent a missing link in the gut mucosal immune 
System. 

Example 2 

Generation of Transgenic Animals 
0328 Transgenic mice expressing the human MICA gene 
were produced as generally described in “Manipulating the 
Mouse Embryo; A Laboratory Manual” 2nd edition (eds., 
Brigid Hogan, Rosa Beddington, Frank Costantimi and 
Elizabeth Long, Cold Spring Harbor Laboratory Press, 
1994, which is incorporated herein by reference in its 
entirety). To induce Superovulation, 3 week-old (C57/BL6x 
SJL)F/J hybrid female mice were injected with pregnant 
mare's Serum (PMS) and human chorionic gonadotropin 
(hCG). Pregnant mare's serum (Sigma, St. Louis, Mo.) was 
resuspended to 50 IU/ml in sterile 0.9% sodium chloride. 
The preparation was aliquoted and stored at -20° C. Human 
chorionic gonadotropin (Sigma, St. Louis, Mo.) was resus 
pended in sterile water to 500 IU/ml, aliquoted into 100 
microliter aliquots, lyophilized and Stored, light protected, at 
-20° C. 

0329 Prior to administration, the hormone was resus 
pended in 0.9% sodium chloride for injection. Each mouse 
was injected intraperitoneally with 5 IU of PMS. After a 42 
to 48 hour interval, the mice were then injected intraperi 
toneally with 5 IU of hCG. The mice were mated with 
(C57/BL6xSJL)F/J hybrid males after injection with hCG, 
and eggs at the one-cell Stage were harvested the following 
morning. The eggs Surrounded by Cumulus cells were 
isolated manually from dissected Oviducts into a Solution 
containing 300 microgram per milliliter of hyaluronidase in 
M2 medium (94.66 mM NaCl, 4.78 mM KCl, 1.71 mM 
CaCl2HO, 1.19 mM KH2PO, 1.19 mM MgSO.7HO, 
4.15 mM NaHCO, 20.85 mM HEPES, 23.28 mM sodium 
lactate, 0.33 mM sodium pyruvate, 5.56 mM glucose, 4 g/1 
BSA, 0.06 g/l penicillin G-potassium salt, 0.05 ul strepto 
mycin sulfate, 0.01 g/l Phenol Red). The cells were incu 
bated in the hyaluronidase solution until the Cumulus cells 
fell away from the eggs. The eggs were transferred using 
sterile transfer pipettes into fresh M2 medium to remove 
exceSS hyaluronidase Solution. After this wash, the eggs 
were transferred to M16 (94.66 mM NaCl, 4.78 mM KCl, 
1.71 mM CaCl2.H2O, 1.19 mM. KHPO, 1.19 mM 
MgSO.7HO, 25 mM NaHCO, 20.85 mM HEPES, 23.28 
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mM sodium lactate, 0.33 mM sodium pyruvate, 5.56 mM 
glucose, 0.06 g/l penicillin G-potassium Salt, 0.05 g/l Strep 
tomycin sulfate, 0.01 g/l Phenol Red) for culture at 37 C. 
until needed. 

0330 For microinjection, several eggs were transferred 
to an injection chamber, and the eggs were visualized to 
identify eggs at containing pronuclei. Each egg was manipu 
lated onto the tip of the holding pipet to permit injection into 
the pronucleus. The tip of the injection pipetted was filled 
with 2.5 nanograms per microliter of the DNA solution. The 
DNA used for microinjection was derived from a cosmid 
clone containing the complete MICA gene flanked by 
genomic DNA sequences. The MICA cosmid clone was 
isolated from a genomic DNA sequences. The MICA cosmid 
clone was isolated from a genomic cosmid library prepared 
from peripheral blood mononuclear cells from a random 
individual. The MICA-containing coSmid was isolated using 
a labeled MICAcDNA probe using standard conditions. The 
presence of the complete MICA gene was confirmed by 
mapping with restriction enzymes and comparison with a 
MICA restriction map and Sequence. 

0331 For microinjection, a 23 kb fragments containing 
the MICA gene was obtained by cleavage with Xba I and Sal 
I followed by purification to isolate the fragments from 
adjacent genomic DNA and from coSmid vector derived 
Sequences. The injection pipette was inserted into the egg, 
through the Zona pellucida, and the DNA was injected into 
the pronucleus. The procedure was repeated until Several 
hundred eggs were microinjected. The healthy injected eggs 
were Separated, placed in culture medium and incubated at 
37 C. overnight to permit the eggs to progress to the 
two-cell Stage. 

0332 The injected two-cell stage eggs were transferred to 
the Oviducts of 0.5-day post-coitus pseudopregnant female 
B6CBA F1 mice. The embryos were transferred to M2 
medium before loading into the transfer pipet Fifteen 
embryos in a minimal volume of M2 medium were loaded 
into a transfer pipette. The embryos were transferred into the 
Surgically-exposed opening of the Oviduct of the 
pseudopregnant mouse. The embryos are permitted to 
develop to term. 

0333 Tail biopsies of the resulting F2 mice were 
obtained and Screened for integration of the transgene by 
PCR amplification of a 850 bp genomic DNA fragment 
encompassing exons 3 and 4 of the MICA gene. Positive 
founder mice were bred with (C57/BL6xSJL)F1/J hybrids. 
In each litter, mice were tested for Stable germline trans 
mission of the MICA gene using PCR amplification of the 
850 bp genomic DNA fragment encompassing exons 3 and 
4, described above. To detect productive expression of the 
MICA gene, Selected mice were Sacrificed, and their intes 
tines were removed and tested for the presence of MICA 
mRNA by reverse-transcription PCR (RT-PCR) with puri 
fied RNA and 25-mer oligonucleotides derived from the 
beginning an end of the MICA open reading frame. Gut 
tissue samples from several mice produced MICA RT-PCR 
cDNA fragments of the predicted 1200 bp length. 
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Example 3 

Allelic Repertoire of the Human MHC Class I 
MICA Gene 

0334. The present Example illustrates allelic variants of 
MICA, these variants are only exemplary and the methods 
described herein may be used to isolate further variants of 
MICA or MICB. 

0335 The hallmark of the classical major histocompat 
ibility complex (MHC) class I molecules is their astonishing 
level of polymorphism, a characteristic not shared by the 
nonclassical MHC class I genes. A distinct family of MHC 
class I genes has been recently identified within the human 
MHC class I region. The MICA (MHC class I chain-related 
A) gene in this family is a highly divergent member of the 
MHC class I family and has a unique pattern of tissue 
expression. The inventors have Sequenced exons encoding 
the extracellular C.1, C2, and C3 domains of the MICA gene 
from twenty HLA homozygous typing cell lines and four 
unrelated individuals. The inventors report the identification 
of eleven new alleles defined by a total of twenty-two amino 
acid Substitutions. Thus, the total number of MICA alleles is 
Sixteen. Interestingly, a tentative Superimposition of MICA 
variable residues on the HLA-A2 structure reveals a unique 
pattern of distribution, concentrated primarily on the outer 
edge of the MICA putative antigen binding cleft, apparently 
bordering an invariant ligand binding site. 

0336 Materials and Methods 
0337 Genomic DNA 
0338 Genomic DNA from eighteen HLA homozygous 
typing cell lines (HTCLs) and four unrelated individuals 
were used in this investigation. The HTCLS studied were the 
following: KAS116, JESTHOM, AMA1, SCHU, MGAR, 
RML, DUCAF, SAVC, BMIS, AMALA, LWAGS, BM92, 
LKT3, PF97387, WT49, AKIBA, LB, and JY (Table3). High 
relative molecular mass genomic DNA from four unrelated 
individuals was isolated from peripheral blood leukocytes 
using the Q1AMP blood kit (Otagen, Hilden, Germany). The 
nucleotide sequence of the MICA gene in MANN (Bahram 
et al., 1996) and CGM1 (Fodil et al., 1996) cell lines were 
also included in the final analysis. 

TABLE 3 

MICA alleles within HLA haplocyes. All cells are HTCLS except GGMI. 
The MICA alleles of EI32B, YAR, MOU, and PITOUT are from Bahram 

and co-workers (1994). The MANN sequence has been previously 
published (Bahram et al., 1996) and, finally, the CGMI allele 

was obtained from sequence determination of a continuous segment 
of DNA linking MICA to HLA-C (Mizuki and co-workers). 

HTCL MCA B Cw A. 

DUCAF OO1 18 5 3O 
E132B OO1 18 5 3O 
YAR OO2 38 26 
AMA OO2 53 4 28 
WT49 OO2 58 2 
PITOUT OO3 44 29 
MOU OO4 44 29 
BM15 OO4 49 7 1. 

PF97387 OO4 44 29 
MANN OO4 44 29 
KAS116 OO6 51 24 
JESTHOM OO7 27 1. 2 
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TABLE 3-continued 

MICA alleles within HLA haplocyes. All cells are HTCLS except GGMI. 
The MICA alleles of EI32B, YAR, MOU, and PITOUT are from Bahram 

and co-workers (1994). The MANN sequence has been previously 
published (Bahram et al., 1996) and, finally, the CGMI allele 

was obtained from sequence determination of a continuous segment 
of DNA linking MICA to HLA-C (Mizuki and co-workers). 

HTCL MCA B Cw A. 

BM92 OO7 51 1. 25 
CGM1 OO8 8 7 3 
SCHU OO8 7 7 3 
MGAR OO8 8 7 26 
SAVC OO8 7 7 3 
LB OO8 60 2/3 68 
JY OO8 7 7 2 
RML OO9 51 2 

AKTBA OO9 52 24 
AMALA O10 62 9 2 
LWAGS O11 14 8 33 
LKT3 O12 54 1. 24 

0339) Polymerase chain reaction (PCRTM) amplification 
and sequence determination of MICA gene MICA allelic 
variants were identified by sequencing of cloned PCR 
amplified exons 2-4 by following the previously described 
protocol (Bahram et al., 1994) or by direct sequencing of 
PCR-amplified individual exons. For the latter strategy, a 
2201 base pair (bp) MICA gene Segment encoding the C.1, 
C2, and C3 exons was amplified using the following oligo 
nucleotides (all nucleotide positions are from Bahram et al., 
1996): 5'-CGTTCTTGTCCCTTTGCCCGTGTGC-3' (resi 
dues 6823-6847; SEQ ID NO:9) and 3'-AACCCTTCCCT 
TACCCCCGTCGTAG-5 (9023-8999; SEQ ID NO:10). 
The reaction was performed using the EXPAND Long 
Template PCR System (Boehringer Mannheim, Germany), 
according to the manufacturer's Specifications except that 
the annealing temperature was 63 C. The second PCR 
reaction was performed in a total Volume of 50 ul containing 
2 ul of the previous amplification reaction, using Standard 
Taq DNA Polymerase (Boehringer Mannheim, Mannheim, 
Germany) and employing pairs of oligonucleotides harbor 
ing M13 Forward and Reverse sequences (underlined) at 
their 5' termini. These included 5'-TATGTAAAACGACG 
GCCAGTTTCACCTGTGATTTCCTCTTCCCCA-3' 

(6924-6948; SEQ ID NO:11) and 3'-GGTCTTTTCAATC 
CCCGTCTCTCGTCCAGTATCGACAAAGGACAT-5 
(7270-7246; SEQ ID NO:12) for the C1 exon, 5'-TATG 
TAAAACGACGGCCAGTTTCGGGAATG 
GAGAAGTCAC-3' (7443-7462; SEQ ID NO:13 and 
3'-CGAGAGGAGAGGGAGGTTAACCAGTATC 
GACAAAGGACAT-5 (7805-7786; SEQID NO: 14) for the 
C2 exon and finally 5'-TATGTAAAACGACGGCCAGT 
GTTCCTCTCCCCTCCTTAGA-3" (8294-8313 SEQ ID 
NO:15) and 3'-AAAAAGTCCCTTTCACGACCACCAG 
TATCGACAAAGGACAT-5" (8744-8724; SEQ ID NO:16 
for the C3 exon. The PCR products were purified using the 
QIAquick PCR Purification Kit (QIAGEN. Germany) and 
sequenced using ABI PRISM Dye Printer Cycle Sequencing 
Ready Reaction Kit with AMPLITAQ DNA Polymerase. FS 
(Perkin Elmer, Norwalk, Conn.) according to the manufac 
turer's protocol. The reactions were run on an ABI 377 DNA 
Sequencing System and the results were analyzed using ABI 
Sequence Analysis and Navigator Softwares. All heterozy 
gous positions found on electrophenograms were individu 
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alized by Subsequent Sequencing of cloned DNA fagments 
(TA Cloning Kit; Invitrogen, San Diego, Calif.) using exon 
specific primers (Bahram et al., 1994) and the ABI PRISM 
Dye Terminator Cycle Sequencing Kit (Perkin Elmer). All 
allelic Sequences reported in this publication have been 
generated as a result of at least two independent PCR 
reactions. 

0340 Results 
0341 Initial work on the extent of MICA polymorphism 
was limited to four HTCLS and two cDNA clones isolated 
from two different libraries (Bahram et al., 1994). This work 
established the existence of five alleles in the MICA gene 
created by 18 nucleotide substitutions of which 14 were 
nonsynonymous. Further work was required to fully assess 
the extent of MICA variability in the population. 

0342. In the study reported here DNA from 20 HTCLs 
and four HLA heterozygous individuals were selected with 
the purpose of covering a diverse range of HLA haplotypes. 
Nucleotide sequence determination of MICA exons 2, 3, and 
4 was performed either by the sequencing of cloned PCR 
fragments as previously described (Bahram et al., 1994) or 
by the direct sequencing of PCR-amplified material. This led 
to identification of eight nonsynonymous nucleotide 
eXchanges among a total of nine new nucleotide Substitu 
tions (Table 4). In conjunction with previous work (Bahram 
et al., 1994), of 27 nucleotide variations in the coding 
Sequence of MICA, 22 are nonsynonymous (4/6 nucleotide 
in C), 10/10 in C2, and 8/11 in the C3) and collectively 
define 11 new MICA alleles, establishing a total of 16 MICA 
allelic variants (Table 4). 

TABLE 4 

MICA nucleotide variation. Positions refer to amino acid residues. 
Transmembrane (exon 5) sequences have been reported by Mizuki 

and co-workers (submitted). 

Position Codon Amino Acid 

Exon 2 (C.1) 

6 CGT-CCT Arg->Pro 
14 TGG-GGG Trp->Gly 
23 CTC-eCTT Leu->Leu 
24 ACT-sGCT Thr->Ala 
36 TGT-TAT Cys->Tyr 
64 AGA->AGG Arg-e Arg 

Exon 3 (C2) 

114 GGG->CGG Gly->Arg 
122 CTG-GTG Leu->Val 
125 AAG->GAG Lys->Glu 
129 ATG->GTG Met->Val 
151 ATG->GTG Met->Val 
156 CAC-sCTC His->Leu 
173 AAA->GAA Lys->Glu 
175 GGC->AGC Gly->Ser 
176 GTA->ATA Wal->le 
181 ACA->AGA Thr-e Arg 

Exon 4 (C.3) 

191 AGC->AGT Ser->Ser 
198 ATT-ATC Ile->Ile 
205 TCT-eTCC Ser->Ser 
2O6 GGC->AGC Gly->Ser 
210 TGG-eCGG Trp->Arg 
213 ACA->ATA Thr->Ile 
215 AGC->ACC Ser->Thr 
221 GTA->CTA Wal->Leu 
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TABLE 4-continued 

MICA nucleotide variation. Positions refer to amino acid residues. 
Transmembrane (exon 5) sequences have been reported by Mizuki 

and co-workers (submitted). 

Position Codon Amino Acid 

251 CAA->CGA Gln->Arg 
268 AGC->GGC Ser->Gly 
271 CCT-sGCT Pro->Ala 

Exon 5 (TM) 

293 (GCT) (Ala) 
295 GCT-e GGCT (Ala). Stop 

at 310 

0343. The MICA polymorphic residues are distributed 
throughout the extracellular portion of the molecule, but are 
slightly more prevalent in the C2 domain (ten variants were 
identified in this domain as compared with four in the C1 and 
eight in the C3 domain). Among the amino acid Substitution, 
Several are drastic in nature and may have radical effects on 
putative ligand/receptor binding. These are predominantly in 
the C1 and C2 domains and include R6P, G114R, K125E, 
H156L, K173E, T181R, W210R, and O251 R. In contrast, 
Six of eight changes in the C3 domain are conservative and 
among these three are shared by at least one human or mouse 
class 1 molecule (Bahram et al., 1994). These latter include 
G206S, T2131, and S215T. It is remarkable that almost none 
of the MICA variable residues coincide with the polymor 
phic positions of MHC class I molecules. In fact, a tentative 
Superimposition of MICA polymorphic residues upon the 
HLA-A2 three-dimensional structure shows that most 
MICA variants tend to map to the periphery of the putative 
antigen binding cleft. Thus, the putative ligand binding Site 
may be invariant, perhaps facilitating presentation of a 
conserved antigen by the MICA molecule. This is radically 
different from the well-defined pattern of HLA polymor 
phism which is focused on residues in direct contact with the 
peptide or the TCR, located in the a 1 domain-encoded C. 
helice and the C2 domain-encoded f Strands (Bjorkman and 
Parham, 1990). It is also noted that except for G114R none 
of the MICA variable residues affect residues conserved 
throughout vertebrate evolution (Bahram et al., 1994) and 
except for one (S268G) none of these variable residues 
coincide with the putative N-linked glycosylation sites. It is 
also noteworthy that nine of the MICA variable residues are 
located precisely at the positions at which MICA and MICB 
Sequences differ and, indeed, eight of the MICA variants are 
identical to MICB residues at these positions: T24A, C36), 
K125Q, M129V, G206S, W210R, S215T, and S268G 
(Bahram and Spies, 1996). This implicates intergenic con 
version events as a mechanism for the establishment of 
MICA polymorphism, as it has been for other HLA mol 
ecules. The creation of an MICB-identical patch encompass 
ing residues 206-215 MICAO03-006 and 009 could be 
considered a visible Sign of this likely phenomenon. 
0344 Finally, a preliminary analysis of MICA alleles 
within the panel of available MHC haplotypes reveals, a 
considerable degree of linkage disequilibrium with alleles of 
the closely linked HLA-B, C, and A genes (Table 3). In this 
respect, the preferential segregation of MICAO01 with 
HLA-B818, CwS, and A30, MICAO04 with HLA-B44, A29, 
and finally MICAO08 with haply types carrying HLA-B7, 
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Cw7, and A3 or A2 (Table 3). This tight degree of linkage 
necessitates formal examination of the involvement of 
MICA alleles in the MHC-associated diseases (Dausset and 
Sveigaard, 1977). 

Example 4 

Recognition of Stress-Induced MHC Class 
I-Related Molecules by Intestinal Epithelial yö T 

Cells 

0345 To explore a functional relationship, the inventors 
established T cell lines from lymphocytes extracted from an 
intestinal epithelial tumor (Groh et al., 1996). Other 
adequate Sources of intestinal epithelium are generally 
unavailable. 

0346) Materials and Methods 
0347 Bulk Lymphocytes Extraction and Culture of T-cell 
Lines 

0348 Bulk lymphocytes extracted from Surgical speci 
mens of intestinal epithelial tumors were obtained from Dr. 
K. Grabstein and Dr. H. Secrist (Corixa Corp, Seattle, 
Wash.). These were prepared by enzymatic digestion of 
minced tissue Samples, Sieving through wire mesh, and 
centrifugation in differential Ficoll-Hypague (Pharmacia, 
Piscataway, N.J.) gradients (Whiteside et al., 1986; Ebert, 
1989). Collected and washed lymphocytes were seeded in 
96-well round bottom plates (10/well) and cultured in the 
presence of Y-irradiated C1R-MICA or C1R-MICB cells 
(2x10 well) in RPMI media supplemented with 8% fetal calf 
serum, 2% pooled human serum, rhIL-2 (2 IU/ml; Cetus), 
rhIL-7 (10 ng/ml, obtained from Dr. N. Vita, Sanofi Recher 
che, France) (Watanabe et al., 1995) phytohaemagglutinine 
(PHA, 0.5 lug/ml; Difco), glutamine and antibiotics. After 
one week, pooled lymphocytes were sorted for Vö1 yö T 
cells using fluorescein-isothiocyanate (FITC)-conjugated 
mAB ÖTCS1 (Engogen, CITY, STATE) (Wu et d., 1988) and 
a FACS VANTAGE cell sorter (Becton Dickinson, Lincoln 
Park, N.J.), and cultured as above with weekly restimula 
tions. Double staining with mAB ÖTCS1 and biotinylated 
anti-TCR-Y/8-1 (Becton Dickinson, Lincoln Park, N.J.) 
(Borst et al., 1988) indicated that all yèT cells expressed 
Vö1. The remainder lymphocytes were Of T cells, by 
staining with anti-TCR-C/B-1 (Becton Dickinson, Lincoln 
Park, N.J.) (Tax et al., 1983), and were grown under iden 
tical conditions. T cell lies were first tested 3 weeks after 
sorting. The 81A and 81B lines were CD4 and CD8, as 
determined with mAB Leu-3a and Leu-2a (Becton Dickin 
son, Lincoln Park, N.J.), respectively, and Off," by staining 
with mAB CD103 (Immunotech, CITY, STATE). After 3 
more weeks, T cells were grown m the additional of irradi 
ated allogeneic peripheral blood mononuclear cells. T cell 
clones from the 61A and 81B lines were derived after the fist 
week of culture by limiting dilution plating and expanded 
for at least 3 weeks before functional testing 
0349 Transfection of Cells 
0350 MICA clDNA transfectants of C1 R, Daudi and 
5.2.4 have been described above and by Groh et al., (1996). 
Transfections of E14 and Daudi-Bm cells (Sadasivan et al., 
1996) with MICA cDNA (Bahram et al., 1994) in RSV.5neo 
or in pREP8AE (Groh et al., 1996; Arnold et al., 1992), and 
of C1R cells with MICB cDNA (Bahram and Spies, 1996) 
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in RSV.5neo were done as described (Grandea III et al., 
1995). Stable transfectant isolates had large amounts of 
surface MICA or MICB by indirect immunofluorescence 
stainings with mAB 2C10 or 6D4 and flow cytometry 
(Example 1, Groh et al., 1996). 
0351 Chromium Release Assays 
0352 Chromium release assays were according to stand 
conditions, in 96-well round bottom plates, with target cells 
plated at 3x10 per well after labeling for 2 h with Cr) 
Sodium chromate and washing. Adherent target cells were 
harvested with non-enzymatic cell dissociation Solution 
(Sigma, St Louis, Mo.). Effectors were added at the indi 
cated ratios, briefly centrifuged, and released radioactivity 
was determined afler 4 h at 37 C. using Luma Plates and a 
TopCount microplate Scintillation counter (Packard). Spe 
cific lysis (in 76) was calculated using the Standard formula 
(experimental -spontaneous release/total-spontaneous 
release) x100. All experiments were repeated least once and 
in most cases several ties. For blocking with mAB, labeled 
target cells were preincubated for 30 min with Saturating 
amounts of 2C10, 6D4 or W6/32 ascites before exposure to 
T cells. Anti-TCR V6.1 mAB ÖTCS1 or control IgG1 was 
added at 10 ug/ml to T cells 30 min before addition of 
labeled targets. The assays were done at constant effector to 
target ratioS of 5 to 1. 
0353 Monoclonal Antibody Production 
0354 mAB 6D4 was generated by immunization of RBF/ 
DnJ mice (Jackson Laboratories) with mouse LTK-MICA 
transfectants as described (Groh et al., 1996), and identified 
by Screenings of hybridoma Supernatants by indirect immu 
nofluoresence stainings and flow cytometry of C1R, C1R 
MICA and C1R-MICB transfectants. 6D4 was Subcloned 
twice and is of the IgG1 isotype. 
0355 Heat Shock Treatment 
0356. For heat shock treatment, the adherent cells grown 
in Petri dishes were floated in a 42 C. waterbath for 90 min. 
One hour later, total cellular RNAS were prepared, gel 
fractionated and blot hybridized with 'PdCTP-labeled 
DNA probes for MICA, HLA-B and hsp70 as described 
(Groh et al., 1996). For surface staining with mAB and 
cytotoxicity assays, cells were harvested 16 h after heat 
Shock induction using non-enzymatic cell dissociation Solu 
tion (Sigma, St. Louis, Mo.). 
0357 Metabolic Labeling 
0358 C1R-MICA cells (2x107) were labeled with a mix 
ture of 15 H-labeled amino acids (Code TRK440; Amer 
sham) and proteins solubilized in 2 ml NP40 lysis buffer in 
the presence of protease inhibitors. After preclearing with 
Protein A-Sepharose (Pharmacia), MICA and MHC class I 
(C1R cells express only HLA-C) were each precipitated 
from one half of the lysate using ascites of mAB 2C10 and 
W6/32 (Parham et al., 1979), respectively. Washed immu 
noprecipitates were incubated in 0.2 ml 1M acetic acid for 
15 min and fractionated by gel filtration using a Biogel P10 
column (Biorad; equilibrated with 1M acetic acid, 1%-bo 
vine-serum albumine and 0.1% NP40). 0.5 ml fractions were 
collected and radioactivity counted. 
0359 Results and Discussion 
0360 V81 y& T cells isolated by cell sorting were grown 
as two lines, 61A and 81B, which were cultured in the 
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presence of cytokines and irradiated C1R cells transfected 
with complementary DNA (cDNA) for MICA or MICB, 
respectively. 

0361. After 4 weeks of repeated stimulation and expan 
Sion, the T cell lines were tested for phenotype and function. 
They were homogeneously positive for Vö1 yö TCR and 
negative for CD4 and CD8. As is characteristic of intestinal 
intraepithelial T cells, they expressed the CB, integrin 
(Cerf-Bansussan et al., 1987; Cepek et al., 1994). 
0362. In chromium release assays with labeled C1R 
MICA or C1R-MICB cells as targets, the 81A and 81B T 
cells were cytotoxic against both of these transfectants but 
not against untransfected C1R cells. Two CD8"CfBT cell 
lines grown and tested under identical conditions gave 
negative results. The same observations were made with T 
cell lines from a Second intestinal epithelial tumor. 
0363 The inventors further analyzed the apparent recog 
nition of MICA and MICB by the intestinal epithelial V81 
Yö T cells using the 81B line. MICA transfectants of Daudi 
cells, which lack Bam and surface MHC class I (Arce 
Gomez, 1978), were as effectively lysed as Daudi-Bim 
MICA double transfectants with normal expression of class 
I. Moreover, transfectants of the lymphoblastoid cell line 
mutant 5.2.4, which lacks expression of most MHC class II 
molecules (Mellins et al., 1991), and of mouse T cell 
lymphoma ELA cells were recognized. No lytic activity was 
observed against B cell lines with diverse MHC haplotypes. 
Thus, the 81B T cell responses were independent of the 
presence of MHC class I and class II and were not secondary 
to croSSreactivity with Some alleles of these molecules. 
0364 Cytotoxicity against the transfected target cells was 
inhibited when these were preincubated with monoclonal 
antibodies (mAB) 2C10 or 6D4, which are specific for 
MICA, and MICA and MICB, respectively (Groh et al., 
1996). Treatment with the anti-class I mAB W6/32 or 
isotype control IgG had no effect (Parham et al., 1979). 
0365. The epitopes recognized by mAB 2C10 and 6D4 
are within the C.1C2 domains of MICA and MICB, as 
determined by immunofluorescence Stainings of C1R trans 
fectants expressing mouse class I H-2D' or K hybrid 
molecules in which the C.1C2 or C3 domains have been 
substituted with the corresponding sequences of MICA 
(Groh et al., 1996). Accordingly, the 81B T cells lysed 
C1-MICAC.1O2-D but not C1R-MICAC3-K cells. Thus, 
Vö1 yö T cells derived from intestinal epithelium were 
restricted by MICA and MICB and recognized an epitope or 
epitopes associated with the C.1C2 domains of these mol 
ecules. 

0366 The inventors examined whether the recognition of 
MICA involved antigen processing and the presentation of 
peptide ligands. With conventional MHC class I, the pep 
tides are mainly generated by proteasomes in the cytosol and 
translocated into the endoplasmic reticulum by the trasport 
ers associated with antigen processing (TAP) (York and 
Rock 1996; Koopmann et al., 1997). Treatment of C1R 
MICA cells with lactacystin (target cells were exposed to 10 
or 50 uM latacystin (Calbiochem) for 2 h before labeling and 
Subsequent testing with the 81B T cells (Fenteany et al., 
1995;. Cerundolo et al., 1997)), which irreversibly blocks 
proteasome functions, had no effect on the recognition of 
MICA by the 81B T cells. But this did not preclude the 
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presence of long-lived MICA-peptide complexes. However, 
the transfected mutant 5.2.4 cells, which lack TAP, were also 
proficient targets, hence arguing against a function of MICA 
in the MHC class I pathway. Because the cytoplasmic tail 
sequences of MICA and MICB have no discernible motifs 
for endoSomal targeting or internalization (Sandoval and 
Bakke, 1994), an acquisition of peptides in endoSomal 
vesicles, similar to MHC class II (Cresswell, 1994), was 
unlikely. 

0367 The inventors sought physical evidence for MICA 
peptide complexes by gel filtration chromatography of acid 
dissociated immunoprecipitates that were isolated with 
mAB2C10 from lysate of C1R-MICA cells after metabolic 
labeling with tritiated amino acids. The eluted fractions 
contained a single peak of radiolabeled polypeptide that was 
of high molecular weight and corresponded to MICA. By 
contrast, analysis of MHC class I complexes isolated with 
mAB W6/32 yielded labeled fractions of high and low 
molecular weights. Thus, under these experimental condi 
tions, there was no evidence for an association of MICA 
with peptides. This was consistent with its recognition by the 
61BT cells independent of Bam and with no requirement for 
conventional class I antigen processing. 

0368. These results were in agreement with previous 
models of antigen recognition by Yö T cells (Holoshitz et al., 
1993; Weintraub et al., 1994; Morita et al., 1995; Rocket al., 
1994; Schild et al., 1994) and supported a role of MICA and 
MICB as self antigens. The inventors used intestinal epi 
thelial cell lines to investigate the expression, regulation and 
T cell recognition of these molecules. Semiconfluent Lovo, 
HCT116 and DLD-1 cells that were rapidly proliferating 
expressed large amounts of MICA and MICB, as determined 
by staining with mAB 2C10 and 6D4 (Cell lines Lovo, 
HCT116, DLD-1, HUTU-80 and SW480 were from the 
American Type Culture Collection (ATCC)). As with the 
transfected target cell lines, they were lysed by the SIBT 
cells in a specific interaction that was inhibited by mAB 
6D4. Other intestinal epithelial cell lines (HUTU-80 and 
SW480) gave similar results. 
0369 Previous evidence has suggested that the expres 
sion of MICA in intestinal epithelium may not be constitu 
tive but stress-induced (Groh et al., 1996). In proliferating 
cell lines (Millarski et al., 1986), however, transcription of 
the hsp70 gene is activated in the absence of cellular StreSS. 
The inventors used Lovo, HCT116 and HUTU-80 cells 
grown as non-proliferating confluent monolayers to inves 
tigate the expression of MICA and MICB before and after 
heat shock induction. Uninduced cells had very low Steady 
state levels of MICA and MICB mRNA and expressed small 
amounts of the encoded Surface molecules. But heat shock 
induction resulted in large increases of mRNA and protein 
expression. 

0370 Concurrently, hsp70 mRNA was potently induced, 
whereas class I HLA-B mRNA and Surface class I HLA-A, 
-B and -C detected with mAB W6/32 on HCT116 and 
HUTU-80 cells (Lovo lacks Bam and thus class I surface 
expression) were not significantly changed. This induced 
expression of MICA and MICB was functionally significant 
since the heat shock treated Lovo, HCT116 and HUTU-80 
cells were sensitized to lysis by the 81BT cells, whereas no 
or minimal lytic activity was observed with the uninduced 
cells at high effector to target ratioS. AS with the proliferation 



US 2003/O165835 A1 

cell lines, cytotoxicity was inhibited by mAB 6D4. Thus, the 
expression of MICA and MICB and their recognition by the 
61BT cells were regulated by cell stress. Moreover, because 
these results were obtained with cell lines derived from 
intestinal epithelium, which is the only peripheral Site where 
expression of MICA has been observed (Groh et al., 1996), 
MICA and presumably MICB were functionally associated 
with Vö1 yö T cells in this compartment. 

0371) The inventors investigated whether MICA and 
MICB were recognized by T cells expressing a particular Yö 
heterodimer or diverse TCR and sought evidence for TCR 
engagement. A total of 16 T cell clones derived from the 81A 
and 81B lines, including 8 clones from each, showed func 
tional activity against C1R-MICA and C1R-MICB targets. 
Analysis of Y and ö chain cDNA sequences that were 
obtained by reverse transcription-polymerase chain reaction 
(RT-PCRTM) with specific oligonucleotide primers identified 
altogether 5 distinct Y and ö chain pairs. 

0372. The Y chains included Vy1.3, 1.4, 1.5 or 1.8, and 
JY2.1 or 2.3. All of the & chains expressed Vö1 and Jö1 with 
diverse junctions encoded by one or two D Segments and 
nontemplated N region nucleotides (Porcelli et al., 1991; 
Hata et al., 1988; Loh et al., 1988). These data indicated that 
MICA and MICB were broadly recognized by Vö1 yö T cells 
expressing diverse TCR and Supported an engagement of 
these molecules by these TCR. 

0373) In conclusion, these results define a novel T cell 
MHC ligand interaction. It has previously been found that 
intestinal epithelial Vö1 yö T cells recognize epithelial cell 
lines without restriction by polymorphic MHC class I or 
class II molecules (Maeurer et al., 1996). As shown here, 
stress-induced MHC class I-related molecules, MICA and 
MICB, function as target antigens recognized by these T 
cells. A number of allelic variants of uncertain Significance 
of MICA has been identified (Fodil et al., 1996). However, 
the inventors observed no differences in the recognition by 
the 81 B T cells of C1R transfectants expressing 3 alleles 
representing most of the Sequence variation in the C.1C.2 
domains of MICA. The inventors tested C1R cDNA trans 
fectants expressing MICA alleles 1,4 and 5 (Groh et al., 
1996; Fodilet al., 1996). 
0374. Although MICA and MICB are encoded in the 
MHC, their recognition was “MHC-unrestricted”. This was 
in accord with the recognition of all of the intestinal epi 
thelial cell lines tested. Because MICA and MICB were 
functionally monomorphic and recognized on diverse target 
cells without an apparent requirement for antigen proceSS 
ing, and because there was no evidence for associated 
peptide ligands, it seems probable that these molecules alone 
conferred specificity in the recognition by the Vö1Yö T cells. 
This would be consistent with current models of Yö T cell 
recognition of antigen (Holoshitz et al., 1993; Weintraub et 
al., 1994; Morita et al., 1995; Rocket al., 1994; Schild et al., 
1994), but remains tentative until the absence of peptide or 
non-peptide ligands is conclusively demonstrated. The 
stress-induced expression of MICA and MICB and their 
broad recognition by diverse Vö1 yö T cells may serve an 
immune Surveillance mechanism for the detection of dam 
aged, infected or transformed intestinal epithelial cells, or 
Stimulate T cell Secretion of growth factors for the mainte 
nance of epithelial homeostasis (Boismenu and Havran, 
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1994). The previously noted irregular distribution of MICA 
in variable areas of intestinal epithelium may reflect Such an 
induction (Groh et a, 1996). 
0375 All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of Skill in the art that variations may be 
applied to the compositions and methods and in the Steps or 
in the Sequence of Steps of the method described herein 
without departing from the concept, Spirit and Scope of the 
invention. More specifically, it will be apparent that certain 
agents which are both chemically and physiologically 
related may be Substituted for the agents described herein 
while the same or similar results would be achieved. All 
Such similar Substitutes and modifications apparent to those 
skilled in the art are deemed to be within the Spirit, Scope and 
concept of the invention as defined by the appended claims. 
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-continued 

ccctccccaa cccagaccita aaacaggctg ttgggccaac tagttccttga cctitccttct 1620 

tittcttittgg titccttgacc ccagtgggct citcactcccc acaccgcata totaaaatct 1680 

gttittgcctg. citcttggggit gcc actocto coccitccago attactic citt ttggcaggto 1740 

cittcctcagg citgagaatct coccotctac cittggitttitc. tctotctggc cagdaccccc 1800 

actccttgct ttgtttittaa tttittaactt ttgtttgggit acgtagtaga tatatatgta 1860 

tatatttatg g g g tacatgg gat attittga cacaggccta caatatgtaa taatcacatc 1920 

agggitaaatg g gttatatoa caacaag cat ttatcctttc tttgttgctac aaacaatccc 1980 

attatgctct titcagttatt tittaaatgta caataaatta ttgttgactg tacticaccot 20 40 

gctgtgctat citactagatc ttattoattc taattatatt tttgtaccoa ttattaacca 2100 

toccitgctcc cccactcc cc actaccottc. tcagoctotg gtaatcatca ttctattgtc 216 O 

totc.cc catg aggtoc attg ttittaaattt togct gccac aaataagtga galacatgcaa. 2220 

agtttgttctg. tctgggcc to gggct tattt cactt cacag gatgaccitcc agttctttgc 228O 

aaatgacacg atggctgaat agttctocac atacacatgt acaccacatt ttctittatcc 234. O 

atgcgtctgt tatggacac ttagattgct to cagat citt goctactittgaatagtgctg 24 OO 

caataaacat ggaaaagtag atagotctitt aatataccga tittcctttct ttggagtata 2460 

tgccita acag toggagtgct ggagcatatg acagotcitat totatttitta gtttittggaa 252O 

gaacctccac attgtttccc atagtggttg tactagttta cqttcccacc aacagtgitac 258O 

atccitcacca gcattccitta tittctacatc citc.gc.cagoa titccittattg cct gtcttct 264 O 

ggataaaagc cagtttatct g g g g toggat gttatctogt aggagttittg atttgcc titc 27 OO 

atctgttgac gaatgatgtt gag caccittt toatatacct gtttgccatt tatatgtctt 276 O. 

cittittgagaa atgactatto agatctttitc. tcatttittaa attggattat tatatttittt 282O 

titcctatagt tattogagct cottatatgt titcagttact gatcctttgt cagatgaata 2880 

gtttgaaaat attittctocc attcttggat ggtotcttca ttttgttitat tigtttcctitt 2.940 

gctgtgcaga agcctttitta cittgatatga toccatttat gcaattittac tittggittacc 3OOO 

tgtgcttgtg g g g tattact ttaaaaatct ttgcc cagtc. caatatocta gagagtttcc 3060 

ccaatgttitt cittgtatagt titcatagittt gaggtoatag atttacatct ttaatccact 312 O 

ttgatttgat ttttgtatat ggtgaaagac agggtotagt titcattcttic to cataagga 318O 

tatctagttt coccagdacc atttittgaag agactictoct ttgccaatgt gtgttcttgg 324 O 

tacctttgtt goaaatgagt titact gtaga tigtatggaat tdtttctggg ttctotatto 33OO 

tgtttcattg gtctgtgttgt citgtttittat gccagtatca tactgttittg gttactgtag 3360 

citctgtagta taatttgaag toagataatg tdattccitct agttttgttc attittgctoa 342O 

ggatagottt atctattotg gtttittttgt g gttccatat gcattittagg attatttitta 3480 

ttatttctgt gaagaatgtc attagtgttt tatagg gat togcattgaat citgtagatta 354. O 

citttgggtag tatggatatt toaacaaaac tattottcc aatccatgaa cqtggacitat 3600 

citttitccatt ttttgttgtcc ttcaatttitt to catcagtg tttitttgttt ttggitttittg 3660 

agatggagtt to actottgttgcc.caggct agaatgcaag ggtgtgatct togcticaccg 372 O 

caac citcc.gc citccCaggitt caagctatto ttctgccitca gcc toccaag tagctgg gat 378 O. 

tacagg catg toccactgtg cct ggctaat tittctattitt tattagagat ggggtttct c 384 O 
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tatgttggcc aggctagt cit togaactcc to accitcagg to atccaccitgc citcggcc to c 39 OO 

caaagtgctg ggattacagg catgagccac cacgc.ccago cacat cact g ttittatagitt 396 O 

tittattggag aggtotttca cittcttcagt taggitttatt cotcagtatt ttattittatt 4020 

tgtagctatt gtaaatggga titcgtttctt gatttcttitt toagattatt tactgttagc 408 O 

actgatttitt gcatgttgat tttgttatcct gcaactttac togaatttgtt cittcagttct 414 O 

aatggtttitt toggtggagtc tittaggttitt to caaatato a gaccacatg atctgcaaac 4200 

aaggataatt to acttctitc tttitccagtt ttaatgccct ttctttctitt citcctgtctg 4260 

attgctictag ttaggatctg cagtactgtg ttgcataact gtggtaaaat tag to atcct 4320 

tgtcttatto cag atcttag agaaaaggct titcagttittc ccc.cattcag tatgttacta 4.380 

gctgtgagtt totcatatat ggcttittatt atattgaggit citgttccttg tatacittagt 4 440 

tttittgagag tttittatcat gaagg gatgttgaatttatc aaatgcttitt toagitatcaa 4500 

ttgaatgata citggcttttgtc.ctittatto tgttgatatg acg tattaca ttgattgatt 45 60 

tgttgtatgtt aaatcatcct td catacctg gaatacattc. cacttgctoa taaagaatga 462O 

tottttittaa totattgttgaatgttggittt gctag tattt cottgacgat ttittgcatcg 4680 

gtgttcatca gggatatagg cct gtagttt totttittitat gatgttgttctt tacctggittt 474. O 

ttgttatcagg atattoctgg citttgtaaaa tdagtttgga agtattocct cotccitctat 4800 

ttitt cagaac agtttgaata ggactgacat atgttgttct ttaaaagttt aattgttggta 4860 

aattatacat tacataaatt ttactgttitt aaccacttitt aagtgtatac toggtgg cat 4920 

tagatacatt cacatttittg tdcaaccoaa aactctgtgc ccattaatcg gtaactcccc 4.980 

attcctccct accitctggcc cct ggtaacc accattctac tittttgtttc tatgaatttg 5040 

accactictag gtacct catt taag cagaat catgtaatgt ttgttctttitt gtttctggct 51OO 

tatttcactt ataatattitt to aggttcgg toggcacagt ggctcacgcc toggattitcca 5 160 

gcactittggg aggctgaagc aggtggat.ca cct gagtttc ggagttc gala accagcc togg 5220 

ccaa.catggit gaalacc cc at citctactaaa aataataaaa gttagcc.ggg cqtgatggcg 528 O 

ggtgcctgta atc.ccaacta cittgg gaggc tigagg cagga gaatcgcttgaatcc.gggaa 5340 

gtggaggttg cagtgagctg agatcaggcc actgcactcc agcctgggca acaagagtga 5 400 

aatticcatct coaaaaaaaa aaaataaaac aataataata ataatattitt tdaggttcat 546 O 

ccaagttgta gtatgggtoa gaattitcatt cottttalagg atggataata citcattatat 552O 

gtatgtacca catcttggitt atccatcc ct cag acaatgg acacttgggit tacttctacc 558 O 

ttittggatat tiggcaaatat titcatttcct ttgggtatat atttattitcc tittggg tatt 5640 

tottttgggt atatat coag aaatagaagc agtacacagg ggctt cattt totctgtctic 5700 

tittgccalacc ttgctotgtg totgtgttgta totgttgttgtg taggtgttgttgata acago.ca 576 O. 

to citgattgg titt caggtgg catctoattg tdgtttggat ttgcatttitc ctaatgagtg 582O 

citgatattga gcatctttitc atgtgtttgttgatcatttg taattittctt tdaagaattg 588 O 

gccatttaag tottttgccc atttitttccc ccacatagot totcttatca gatatatgac 594 O 

ttgcaatatt tatttcattt cqgggttgat tigctttittca citctgattgt gcc ctittgat 6 OOO 

gcatagatgt tittgaattitt catcagtcta citttgtcagt totttctatt citatctgtgc 6060 

tittggtgtca tatccatgaa agcactgtca aatccitatgt catgaacatt atccccaatg 61.20 
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cagagcagga aggcct cqca gccitcaccala gcago agccc toggggtggag citgcgtttcc Of 40 

agggittaa.gc ggaccaggca ggagtagcgg titact caaga gcaggtoaca ggcttgg gtt O8OO 

gtgagggtca ggagaggcca ggCCtcCtcg agcaaggtgg gggtocCagg gtCaggtoag O 860 

gtgcagatcc totggcagoc acgtotttcc atgctgg gcc togctdggc.cc cccaggcttic O920 

Ctgatggggt CCC cagttag gagctgcctg. Ctcagggctg ggaggggagg agcactag c O98O 

tgcagataga ggg cagagcc cacagtgggc agg gcct gcc citggtgttgta ggtgc citctg O4. O 

Caggagagga gggCCtgggg act gaga.gca agggit Caggg CCtct Ctttg gggaggcctic 100 

to actotaac agg actgg to aggcc toaga ggaggg cact gggttcc ctic ttgggtottg 160 

toctittagtc ttgggg.ccct titcc citcc cit gcacgatgag toggtggg cac agggcacggg 220 

Ctgatgttga tigagtgatg ggagggaact ggCaggggct gggaaaag.ca aggagggagg 280 

aagaaaaaag togggggccitc atctt.cccitc agagaaaggg caaatctggt tittggagcaa. 34 O 

citgaagagag aaaagttcc cc agg gaataaa cacaa.cactg. cacco agtgg agcatttacc 400 

catttcc.citc ttittct coag agctogtgag cct gcagg to citggatcaac accoagttgg 460 

gacgagtgac cacagg gatg ccacacagct c ggattitcag cct citgatgt cagotcittgg 52O 

gtocactggc ticcact gagg gcgcc tag ac totacagoca gg.cggctgga attgaatticc 58O 

citgcctggat citcacaag.ca cittitccctct tdgtgccitca gtttcctgac citatgaaaca 640 

gagaaaataa aag cactitat ttattgttgttggaggctgc aaaatgttag tagatatgag FOO 

gcatttgcag citgtgc cata tt 722 

<210> SEQ ID NO 2 
&2 11s LENGTH 385 
&212> TYPE PRT 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 2 

Met Gly Leu Gly Pro Val Phe Leu Leu Leu Ala Gly Ile Phe Pro Phe 
1 5 10 15 

Ala Pro Pro Gly Ala Ala Ala Glu Pro His Ser Lieu Arg Tyr Asn Lieu 
2O 25 30 

Thr Val Leu Ser Trp Asp Gly Ser Val Glin Ser Gly Phe Leu Ala Glu 
35 40 45 

Val His Lieu. Asp Gly Glin Pro Phe Lieu Arg Tyr Asp Arg Gln Lys Cys 
5 O 55 60 

Arg Ala Lys Pro Glin Gly Glin Trp Ala Glu Asp Wall Leu Gly Asn Lys 
65 70 75 8O 

Thir Trp Asp Arg Glu Thr Arg Asp Lieu. Thr Gly Asn Gly Lys Asp Lieu 
85 90 95 

Arg Met Thr Lieu Ala His Ile Lys Asp Gln Lys Glu Gly Lieu. His Ser 
100 105 110 

Leu Glin Glu Ile Arg Val Cys Glu Ile His Glu Asp Asn. Ser Thr Arg 
115 120 125 

Ser Ser Gln His Phe Tyr Tyr Asp Gly Glu Leu Phe Leu Ser Glin Asn 
130 135 1 4 0 

Val Glu Thr Glu Glu Trp Thr Val Pro Glin Ser Ser Arg Ala Glin Thr 
145 15 O 155 160 

Leu Ala Met Asn Val Arg Asn. Phe Lieu Lys Glu Asp Ala Met Lys Thr 
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1.65 170 175 

Lys Thr His Tyr His Ala Met His Ala Asp Cys Lieu Glin Glu Lieu Arg 
18O 185 190 

Arg Tyr Leu Glu Ser Ser Val Val Leu Arg Arg Arg Val Pro Pro Met 
195 200 2O5 

Val Asn Val Thr Arg Ser Glu Ala Ser Glu Gly Asn Ile Thr Val Thr 
210 215 220 

Cys Arg Ala Ser Ser Phe Tyr Pro Arg Asn Ile Thr Leu Thir Trp Arg 
225 230 235 240 

Glin Asp Gly Val Ser Lieu Ser His Asp Thr Glin Glin Trp Gly Asp Wal 
245 250 255 

Leu Pro Asp Gly Asn Gly. Thir Tyr Glin Thr Trp Val Ala Thr Arg Ile 
260 265 27 O 

Cys Glin Gly Glu Glu Glin Arg Phe Thr Cys Tyr Met Glu His Ser Gly 
275 280 285 

Asn His Ser Thr His Pro Val Pro Ser Gly Lys Val Leu Val Leu Gln 
29 O 295 3OO 

Ser His Trp Gln Thr Phe His Val Ser Ala Val Ala Ala Ala Ala Ala 
305 310 315 320 

Ala Ile Phe Val Ile Ile Ile Phe Tyr Val Arg Cys Cys Lys Lys Lys 
325 330 335 

Thir Ser Ala Ala Glu Gly Pro Glu Lieu Val Ser Leu Glin Val Lieu. Asp 
340 345 350 

Gln His Pro Val Gly Thr Ser Asp His Arg Asp Ala Thr Glin Leu Gly 
355 360 365 

Phe Glin Pro Leu Met Ser Ala Leu Gly Ser Thr Gly Ser Thr Glu Gly 
370 375 38O 

Ala 
385 

<210> SEQ ID NO 3 
&2 11s LENGTH 2380 
&212> TYPE DNA 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 3 

gggc catggg gctggg.ccgg gtc.ctgctgt ttctggcc.gt cqcct tcc.ct tittgcaccc.c 60 

cggcagcc.gc cqctgagc.cc cacagtc.ttc gttacaacct catggtgctg. tcc caggatg 120 

aatctgtgca gtcagg gttt citc.gctgagg gacatctgga tigg to agc.cc titcctg.cgct 18O 

atgacaggca gaaacgcagg gcaaag.cCCC agggacagtg ggCagaagat gtCctgggag 240 

citaag accitg ggacacagag accgaggact tacagagaa toggcaagac citcaggagga 3OO 

ccctgactica tat caaggac cagaaaggag gCttgcattc cct coaggag attagggtot 360 

gtgagatcca togalagacago agcaccaggg gctcc.cggca tttctactac gatggggagc 420 

tottcc totc ccaaaacct g gagacitcaag aatcgacagt gcc.ccagtoc toccagagctic 480 

agaccttggc tatgaacg to acaaatttct ggaaggaaga tigc catgaag accalagacac 540 

actato go go tatgcaggca gactgcctgc agaaactaca gcg at atctgaaatc.cgggg 600 

tggc catcag gagaac agtg ccc.cc catgg togaatgtcac citgcago gag gtc.tcagagg 660 

gcaa.catcac cqtgacatgc agggctitcca gcttctatoc ccggaat atc acact gacct 720 
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ggcgtoagga tiggggt atct ttgagccaca acacccagoa gtggggggat gttcct gcctg 78O 

atgg gaatgg aacctaccag acctgggtgg ccaccaggat togccaagga gaggagcaga 840 

ggttcaccitg citacatggaa cacagcggga atcacgg cac to accotgttg cccitctggga 9 OO 

aggtgctggit gcttcagagt caacggacag actitt coata totttctgct gctatoc cat 96.O 

gttttgttat tattattatt citctgttgtcc cittgttgcaa gaagaaaa.ca totagogg cag O20 

aggg to caga gcttgtgagc citgcaggtoc to gatcaa.ca cccagttggg acaggag acc O8O 

acagggatgc agcacagotg ggattitcago citctgatgtc. agctactggg to cactggitt 14 O 

ccactgaggg cqcctag act citacago cag gCdgc.cagga ttcaacticcic tocctggatc 200 

toaccagdac tittcccitctg. tittcctgacc tatgaaacag aaaataacat cacttattta 260 

ttgttgttgg atgctgcaaa gtgttagtag gtatgagg to tttgctgctic toccacgtag 320 

agagcc agca aagg gatcat gacca actica acattccatt gaggctata toatcaaaca 38O 

gcaaattgtt tat catgaat gcaggatgtg ggcaaactca cqactgctoc tocca acaga 4 40 

aggtttgctg agggcattca citc catggtg citcattggag titatctact g g g to atctag 5 OO 

agcc tattgt ttgaggaatg cagtc.ttaca agcct actot go accoagca gctgactic ct 560 

tottccacco citcttcttgc tatctoctat accaataaat acgaagg got gtggaag atc 62O 

agagcc cittg titcacgagaa goaagaagcc ccctgacccc ttgttccaaa tatactictitt 680 

tgtctittcto tittattocca cqttc.gc.cct ttgttcagtc. caatacaggg ttgttgggg.cc 740 

cittaacagtig ccatattaat tggitatcatt atttctgttgttitttgttitt tattitttgtt 800 

tttgtttittg agacagagtc. tcacticgtca cccaggctgc agttcactgg totgatcto a 860 

gctcactgca accitctgcct cocaggttca agc acttcto gtacctdaga citc.ccgatag 920 

citgggattac agacaggcac caccacaccc agctaattitt totattttitt gtagagacgg 98O 

ggitttcgc.ca agttgaccag cccagtttca aactcctgac citcaggtgat citgcctgcct 20 40 

tggcatcc.ca aagtgctggg attacaagaa tagccaccg togcctggcct attitt attat 2100 

attgtaatat attittattat attagccacc atgcctgtcc tattittctta tattittaata 216 O 

tattittaata tattacatgit gcagtaatta gattatcatg ggtgaactitt atgagtgagt 2220 

atcttggtga tigactic citcc tdaccagocc aggaccagot ttcttgtcac citt gaggtoc 228O 

cctogcccc.g. tcacaccgtt atcgattact citgttgtctac tattatgtgt gcataattta 234. O 

taccgtaaat gtttactcitt taaataaaaa aaaaaaaaaa 2380 

<210> SEQ ID NO 4 
&2 11s LENGTH 383 
&212> TYPE PRT 
<213> ORGANISM: Homo Sapiens 

<400 SEQUENCE: 4 

Met Gly Leu Gly Arg Val Leu Leu Phe Leu Ala Val Ala Phe Pro Phe 
1 5 10 15 

Ala Pro Pro Ala Ala Ala Ala Glu Pro His Ser Lieu Arg Tyr Asn Lieu 
2O 25 30 

Met Val Leu Ser Glin Asp Glu Ser Val Glin Ser Gly Phe Leu Ala Glu 
35 40 45 

Gly His Lieu. Asp Gly Glin Pro Phe Leu Arg Tyr Asp Arg Glin Lys Arg 
5 O 55 60 
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Arg Ala Lys Pro Glin Gly Glin Trp Ala Glu Asp Wall Leu Gly Ala Lys 
65 70 75 8O 

Thir Trp Asp Thr Glu Thr Glu Asp Lieu. Thr Glu Asn Gly Glin Asp Lieu 
85 90 95 

Arg Arg Thr Lieu. Thr His Ile Lys Asp Gln Lys Gly Gly Lieu. His Ser 
100 105 110 

Leu Glin Glu Ile Arg Val Cys Glu Ile His Glu Asp Ser Ser Thr Arg 
115 120 125 

Gly Ser Arg His Phe Tyr Tyr Asp Gly Glu Lieu Phe Lieu Ser Glin Asn 
130 135 1 4 0 

Leu Glu Thr Glin Glu Ser Thr Val Pro Glin Ser Ser Arg Ala Glin Thr 
145 15 O 155 160 

Leu Ala Met Asn Val Thr Asn. Phe Trp Lys Glu Asp Ala Met Lys Thr 
1.65 170 175 

Lys Thr His Tyr Arg Ala Met Glin Ala Asp Cys Lieu Gln Lys Lieu Glin 
18O 185 190 

Arg Tyr Leu Lys Ser Gly Val Ala Ile Arg Arg Thr Val Pro Pro Met 
195 200 2O5 

Val Asn Val Thr Cys Ser Glu Val Ser Glu Gly Asn Ile Thr Val Thr 
210 215 220 

Cys Arg Ala Ser Ser Phe Tyr Pro Arg Asn Ile Thr Leu Thir Trp Arg 
225 230 235 240 

Glin Asp Gly Val Ser Lieu Ser His Asn Thr Glin Glin Trp Gly Asp Wal 
245 250 255 

Leu Pro Asp Gly Asn Gly. Thir Tyr Glin Thr Trp Val Ala Thr Arg Ile 
260 265 27 O 

Arg Glin Gly Glu Glu Glin Arg Phe Thr Cys Tyr Met Glu His Ser Gly 
275 280 285 

Asn His Gly. Thr His Pro Val Pro Ser Gly Lys Val Leu Val Leu Gln 
29 O 295 3OO 

Ser Glin Arg Thr Asp Phe Pro Tyr Val Ser Ala Ala Met Pro Cys Phe 
305 310 315 320 

Val Ile Ile Ile Ile Lieu. Cys Val Pro Cys Cys Lys Lys Lys Thir Ser 
325 330 335 

Ala Ala Glu Gly Pro Glu Lieu Val Ser Lieu Glin Val Lieu. Asp Gln His 
340 345 350 

Pro Val Gly Thr Gly Asp His Arg Asp Ala Ala Glin Lieu Gly Phe Glin 
355 360 365 

Pro Leu Met Ser Ala Thr Gly Ser Thr Gly Ser Thr Glu Gly Ala 
370 375 38O 

<210 SEQ ID NO 5 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic 

Primer 

<400 SEQUENCE: 5 

actggggaac aaggtttata toaga 25 

<210> SEQ ID NO 6 
<211& LENGTH 24 
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<400 

TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 
Primer 

SEQUENCE: 6 

tgtcaccogt cittctacagg acco 

<400 

SEQ ID NO 7 
LENGTH 17 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 
Primer 

SEQUENCE: 7 

ggggcCatgg ggctggg 

<400 

SEQ ID NO 8 
LENGTH 17 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 
Primer 

SEQUENCE: 8 

atctgagatg toggtoc 

<400 

SEQ ID NO 9 
LENGTH 25 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 
Primer 

SEQUENCE: 9 

cgttcttgtc. cctittgcc.cg tatgc 

<400 

SEQ ID NO 10 
LENGTH 25 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 
Primer 

SEQUENCE: 10 

aaccottccc ttaccc.ccgt cqtag 

<400 

SEQ ID NO 11 
LENGTH 45 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 
Primer 

SEQUENCE: 11 

tatgtaaaac gacggccagt titcacctgtg attitcctcitt 

51 
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cocca 

24 

17 

17 

25 

25 

45 

Sep. 4, 2003 
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<210> SEQ ID NO 12 
&2 11s LENGTH 45 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic 

Primer 

<400 SEQUENCE: 12 

ggtottttca atc.ccc.gtct citcgtc.cagt atcgacaaag gacat 

<210> SEQ ID NO 13 
<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic 

Primer 

<400 SEQUENCE: 13 

tatgtaaaac gacggc.cagt titcgg gaatg gagaagttcac 

<210> SEQ ID NO 14 
<211& LENGTH: 40 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Synthetic 
Primer 

<400s. SEQUENCE: 14 

cgagaggaga gggaggittaa ccagtatcga caaaggacat 

<210 SEQ ID NO 15 
<211& LENGTH: 40 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic 

Primer 

<400 SEQUENCE: 15 

tatgtaaaac gacggc.cagt gttcc totcc cct cottaga 

<210> SEQ ID NO 16 
<211& LENGTH: 41 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Synthetic 

Primer 

<400 SEQUENCE: 16 

aaaaagtc.cc titt cac gacc accagtatcg acaaaggaca t 

1. A method for detecting a cancer cell in a Sample 
comprising the Steps of: 

(a) providing said Sample, and 

(b) identifying MICA or MICB expression in said sample. 
2. The method of claim 2, wherein said identifying 

comprises binding of MICA or MICB by a MICA- or 
MICB-binding agent. 

45 

40 

40 

40 

41 

3. The method of claim 2, wherein said MICA- or 
MICB-binding agent is a first antibody. 

4. The method of claim 2, wherein said first antibody is a 
bispecific antibody recognizing both MICA and MICB. 

5. The method of claim 3, wherein said first antibody is 
labeled. 

6. The method of claim 5, wherein said label is a radio 
label, a fluorescent label, a chemilluminescent label, an 
enzyme, or a ligand. 
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7. The method of claim 3, wherein said first antibody is 
unlabeled and said first antibody is detected by binding of a 
detection agent to Said first antibody. 

8. The method of claim 7, wherein said detection agent is 
a Second antibody. 

9. The method of claim 8, wherein said second antibody 
binds to an Fc-region of said first antibody. 

10. The method of claim 9, wherein said second antibody 
is labeled. 

11. The method of claim 9, wherein said label is a 
radiolabel, a fluorescent label, a chemilluminescent label, an 
enzyme, or a ligand. 

12. The method of claim 3, wherein binding of said first 
antibody is competitive with a Second antibody. 

13. The method of claim 1, wherein MICA expression is 
identified. 

14. The method of claim 1, wherein MICB expression is 
identified. 

15. The method of claim 1, wherein MICA and MICB 
expression are identified. 

16. The method of claim 1, wherein said identifying 
comprises amplifying a MICA or MICB transcript. 

17. The method of claim 16, wherein said amplifying 
comprises PCR. 

18. The method of claim 17, wherein said amplifying 
further comprises, prior to Said PCR, reverse transcription. 

19. The method of claim 17, wherein the PCR product is 
detected following electrophoretic Separation. 

20. The method of claim 17, wherein the PCR product is 
detected following hybridization. 

21. The method of claim 17, wherein the PCR is quanti 
tative PCR. 

22. The method of claim 1, wherein the sample is selected 
from the group consisting of lung tissue, Skin tissue, muscle 
tissue, liver tissue, renal tissue, colon tissue, prostate tissue, 
breast tissue, brain tissue, cervical tissue, pancreatic tissue, 
Stomach tissue, testicular tissue, ovarian tissue or marrow 
tissue. 

23. The method of claim 1, wherein the sample is selected 
from the group consisting of Sputum, blood, Semen, plasma, 
Serum, lymphatic fluid, urine and Stool. 

24. The method of claim 1, wherein the cancer is selected 
from the group consisting of brain cancer, lymphatic cancer, 
liver cancer, Stomach cancer, testicular cancer, cervical 
cancer, leukemia, melanoma, head & neck cancer, esoph 
ageal cancer, colon cancer, breast cancer, lung cancer, Ova 
rian cancer, prostate cancer and renal cancer. 

25. The method of claim 24, wherein the cancer is colon 
cancer, breast cancer, lung cancer, Ovarian cancer, prostate 
cancer or renal cancer. 

26. A method for purifying Vö1 yöT cells comprising the 
Steps of: 

(a) providing a MICA or MICB polypeptide fixed to a 
Support, 

(b) contacting Said polypeptide with a starting cell popu 
lation; and 

(c) separating said Support from Said starting cell popu 
lation to produce a purified Vö1 yöT cells population. 

27. The method of claim 26, further comprising washing 
said Support following step (c). 

28. The method of claim 26, wherein said MICA polypep 
tide is fixed to Said Support. 
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29. The method of claim 26, wherein said MICB polypep 
tide is fixed to Said Support. 

30. The method of claim 26, wherein said MICA and 
MICB polypeptides are fixed to said support. 

31. The method of claim 26, wherein said support is a 
culture dish. 

32. The method of claim 26, wherein said support is a 
dipstick. 

33. The method of claim 26, wherein said support is a test 
tube. 

34. The method of claim 26, wherein said support is a 
column matrix. 

35. The method of claim 26, wherein said support is a 
bead. 

36. The method of claim 26, wherein said support is a 
filter membrane. 

37. The method of claim 26, wherein said starting cell 
population comprises peripheral blood cells. 

38. The method of claim 26, wherein said starting cell 
population comprises lymph cells. 

39. The method of claim 26, wherein said starting cell 
population comprises purified T-cells. 

40. The method of claim 35, wherein said separating 
comprises centrifugation. 

41. The method of claim 26, wherein the purified Vö1 yöT 
cell population comprises at least about 75% Vö1 yöT cells. 

42. The method of claim 26, wherein the purified Vö1YöT 
cell population comprises at least about 90% Vö1 yöT cells. 

43. The method of claim 26, wherein the purified Vö1 yöT 
cell population comprises at least about 95% Vö1 yöT cells. 

44. The method of claim 26, wherein the purified V81 y&T 
cell population comprises at least about 99.9% Vö1 yöT 
cells. 

45. The method of claim 26, wherein the purified Vö1 yöT 
cell population comprises at least about 99.9% Vö1yöT 
cells. 

46. A method for enriching a cell population for Vö1 yöT 
cells comprising the Steps of: 

(a) providing a MICA or MICB polypeptide linked to a 
fluorescent or chemilluminescent label; 

(b) contacting Said polypeptide with said cell population; 
and 

(c) separating cells exhibiting fluorescence or chemillu 
minescence. 

47. The method of claim 46, wherein said label is selected 
from the group consisting of fluorescein, rhodamine, green 
fluorescent protein and luciferase. 

48. The method of claim 46, wherein said separating 
comprises cell Sorting. 

49. The method of claim 46, wherein said polypeptide is 
linked directly to said label. 

50. The method of claim 46, wherein said polypeptide is 
linked to Said label by a linking moiety. 

51. The method of claim 50, wherein said linking moiety 
is a bead. 

52. The method of claim 46, wherein the resulting cell 
population comprises at least about 99% Vö1 yöT cells. 

53. A method of targeting a therapeutic agent to a tumor 
cell expressing MICA or MICB on its surface comprising 
the Steps of: 

(a) providing a therapeutic agent having a MICA- or 
MICB-binding agent conjugated thereto, and 
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(b) contacting Said therapeutic agent with said tumor cell. 
54. The method of claim 53, wherein said MICA- or 

MICB-binding agent is an antibody. 
55. The method of claim 54, wherein said antibody is 

humanized murine monoclonal antibody. 
56. The method of claim 53, wherein said therapeutic 

agent is Selected from the group consisting of a toxin, a 
cytokine, a nucleic acid encoding an antitumor agent, a 
chemotherapeutic and a radionuclide. 

57. The method of claim 53, wherein said binding agent 
binds to MICA. 

58. The method of claim 53, wherein said binding agent 
binds to MICB. 

59. The method of claim 53, wherein said binding agent 
binds to both MICA and MICB. 

60. The method of claim 59, wherein said binding agent 
is a bispecific antibody. 

61. A method for treating cancer comprising the Step of 
administering to a Subject a therapeutic agent having a 
MICA- or MICB-binding agent conjugated thereto. 

62. The method of claim 61, wherein said MICA- or 
MICB-binding agent is an antibody. 

63. The method of claim 62, wherein said antibody is 
humanized murine monoclonal antibody. 

64. The method of claim 61, wherein said therapeutic 
agent is Selected from the group consisting of a toxin, a 
cytokine, a nucleic acid encoding an antitumor agent, a 
chemotherapeutic and a radionuclide. 

65. The method of claim 61, wherein said binding agent 
binds to MICA. 

66. The method of claim 61, wherein said binding agent 
binds to MICB. 

67. The method of claim 61, wherein said binding agent 
binds to both MICA and MICB. 

68. The method of claim 67, wherein said binding agent 
is a bispecific antibody. 

69. The method of claim 61, wherein said cancer is 
Selected from the group consisting of brain cancer, lym 
phatic cancer, liver cancer, Stomach cancer, testicular cancer, 
cervical cancer, leukemia, melanoma, head & neck cancer, 
esophageal cancer, colon cancer, breast cancer, lung cancer, 
ovarian cancer, prostate cancer and renal cancer. 

70. The method of claim 61, wherein said administering 
comprises injection. 

71. The method of claim 70, wherein said injection is 
intratumoral. 

72. The method of claim 71, wherein said injection is 
intravenous. 

74. A method for expanding Vö1 yöT cells in a T-cell 
population comprising the Steps of: 

(a) contacting said T-cell population with MICA or 
MICB; and 

(b) incubating said T-cell population under conditions 
permitting the growth and division of T-cells. 

75. The method of claim 74, wherein said contacting 
comprises culturing Said T cell population is cultured with 
cells expressing MICA and MICB. 

76. The method of claim 74, wherein said MICA or MICB 
are purified protiens. 

77. The method of claim 74, wherein said starting cell 
population is Selected from the group consisting of periph 
eral blood cells, lymph cells and purified T-cells. 
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78. A method of adoptive immunotherapy comprising the 
Step of administering to a patient a population of purified 
V81 y&T cells. 

79. The method of claim 78, wherein said patient suffers 
from cancer. 

80. A method of increasing expression of MICA in a cell 
comprising providing to Said cell an expression construct 
comprising a coding region for MICA, wherein Said coding 
region is under the control of a promoter active in eukaryotic 
cells. 

81. The method of claim 80, wherein said expression 
construct is a viral expression vector. 

82. The method of claim 80, wherein said expression 
construct further comprises a polyadenylation Signal. 

83. The method of claim 80, wherein said cell is a human 
cell. 

84. The method of claim 83, wherein said human cell is 
in a human Subject. 

85. The method of claim 84, wherein said human cell is 
a tumor cell. 

86. The method of claim 84, further comprising admin 
istering to Said human Subject a therapeutic agent having a 
MICA- or MICB-binding agent attached thereto. 

87. The method of claim 86, wherein said binding agent 
is an antibody. 

88. A method of increasing expression of MICB in a cell 
comprising providing to Said cell an expression construct 
comprising a coding region for MICB, wherein Said coding 
region is under the control of a promoter active in eukaryotic 
cells. 

89. The method of claim 88, wherein said expression 
construct is a viral expression vector. 

90. The method of claim 88, wherein said expression 
construct further comprises a polyadenylation Signal. 

91. The method of claim 88, wherein said cell is a human 
cell. 

92. The method of claim 91, wherein said human cell is 
in a human Subject. 

93. The method of claim 92, wherein said human cell is 
a tumor cell. 

94. A transgenic non-human mammal expressing a human 
MICA polypeptide. 

95. The transgenic mammal of claim 94, wherein said 
mammal is a mouse. 

96. The transgenic mammal of claim 95, wherein said 
mouse expresses human MICA in a tissue specific fashion. 

97. The transgenic mammal of claim 95, wherein said 
mouse Selectively expresses MICA in intestinal epithelium. 

98. A transgenic non-human mammal expressing a human 
MICB polypeptide. 

99. The transgenic mammal of claim 98, wherein said 
mammal is a mouse. 

100. The transgenic mammal of claim 99, wherein said 
mouse expresses human MICB in a tissue specific fashion. 

102. The transgenic mammal of claim 100, wherein said 
mouse selectively expresses MICB in intestinal epithelium. 

103. A transgenic non-human mammal expressing human 
MICA and MICB polypeptides. 
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